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PREFACE 


The opening paragraphs of the introductory chapter of 
this book explain fully its aim and purpose ; thei’e is no 
necessity, therefore, to recaj)itulate here the reasons that 
have led the author to prepare at the present time a book 
upon the use of low-grade and waste fuels for power genera¬ 
tion. 

It may be stated, however, that the book is based upon 
articles which have been published during the war period 
concurrently in The Engineer and The Times (Engineering 
Supplement) in this country, and in Goal Age and Chemical 
and Metallurgical Engineering in America. 

The information contained in the articles has been brought 
up-to-date, and the form okthe articles modified, in order to 
render them more useful and also more suitable for publica¬ 
tion in book form. A few of the excellent Bulletins of the 
United States Bureau of Mines which deal specially with 
low-grade and waste fuels have been used extensively in the 
preparation of the book ; and the author’s thanks are due 
to the Acting Director of the Bureau, Mr. H. Foster Bain, 
for permission to reproduce many of the data and illus¬ 
trations which have appeared in these useful publications. 
Nos. 2, 89 and 123 have been specially drawn upon in this 
respect. 

The author’s thanks are due also to the editors and 
publishers of The Engineer and of The Times (Engineering 
Supplement) for their permission to make use of the illus¬ 
trations which aj)pear on-pages 78, 119, 174 and 175 of the 
book ; and to Mr. E. W. L. Nicol, of the London Coke 
Committee, for the information and photographs relating 
to the use of coke and pitch for steam-raising purposes 
on pages 62, 63, 65 and 117. 

JOHN B. C. KERSHAW. ^ 

(iRoyvENOK Road, 

CoLWYN Bay, 

yoremhe9\ 11 ) 19 . 
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THE USE OF LOW GRADE AND WASTE 


FUEL FOR POWER GENERATION 

PART I.—FUELS. 

CHAPTER I 

INTRODUCTOEY 

/ 

Fuel Conservation by the Use of Low-grade Fuels 
FOR Heat and Power Generation 

The rising cost of all forms of fuel, due to causes some 
permanent and some, let us hope, only temporary in character, 
renders a discussion of the utilisation of cheap or low-grade 
fuels for power-generation of special interest at the present 
moment. In past years the British manufacturer and 
^ factory owner has been unduly favoured by the cheapness 
and plentifulness of his fuel supply, and less attention has 
been given to the problem of the economical use of this raw 
material of his industrial operations than its injportance 
deserved. The War has changed his attitude towards fuel, 
however, as it has changed his attitude towards many other 
problems of his social and industrial life, and there are few 
manufacturers in this country to-day who are not fully 
alive to the necessity of conserving our fuel resources, and 
of making the best possible use of the supplies that are now 
available for industrial purposes. 

The manufacturer, in fact, has been badly hit by the 
increase in the cost of fuel, and since it is highly probable 
that a large portion of this increase, though directly due to 
the War, will prove permanent in character, it is necessary 
for him. to take a wide survey of combustible materials, and 
to impress ipto his service all that promise to yield a fair 
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return for the capital and labour involved in their utilisation 
for heat or power-generating purposes. 

Fuel conservation may be effected in two distinct ways. 
In the first place, there may be a much more widely extended 
use of low-grade fuels and of other carbonaceous materials 
and gases now wasted, yet capable of yielding useful heat 
when burned ; and secondly, there may be a better utilisation 
of the heat value of the ordinary classes of fuel, this increased 
efficiency being based upon the application of more scientific 
methods in the management of the boilers and furnaces in 
which this fuel is consumed. The great importance of the 
problem of utilising low-grade fuels is proved by the fact 
that from 15 to 30 per cent, of the coal which is now being 
worked in the mines of this country is purposely left under¬ 
ground, either in situ in the seam where it occurs, or in the 
form of coal-dust and slack around the working-face of the 
seam, because there is no profitable sale for it at the pit head. 
Nor is the whole of the fuel brought to the surface utilised, 
for the banks of culm, shale and washery-refuse that can 
be seen in all coal-mining districts are in most cases rapidly 
increasing in size. These dumps of pit-refuse, however, like 
the tailings, ” dumps of the Houth African gold-fields, can 
still be used at some later date ; but the fuel left underground 
is lost for ever, since it will never pay to reopen old workings 
in coal-mines, in order to recover the lower-grade fuel, when 
the better-grade coal has once been removed from the seam. 
The loss in this case is therefore a dead loss to the community, 
and also represents a considerable diminution in the value 
of our national reserves of fuel—unless means are taken at 
an early date to check it. 

In support of these views concerning the importance of 
the subject, a few extracts may be quoted from the Report 
of the British Association Committee, which has been 
studying recently the question of fuel and its better utilisation 
for domestic and manufacturing purposes :— 

There can be little doubt but that up to the present we 
have been wasteful and improvident in regard to our methods 
of getting and utilising coal, and that not only are great 
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stowing/ a practice which though in vogue on the Continent 
has not yet been established in Great Britain .”—Report 
presented at Newcastle Meeting, September, 1916. 

As regards the definition and classification of low-grade 
fuels, all fuels testing over 25 per cent, of ash and over 
10 per cent, of moisture, i.e., containing 35 per cent, or more 
of incombustible matter, may be classed as '' low grade.” 
All coal and coke that passes through a J-inch mesh sieve 
must also be classed as low grade, not on account of its a^h 
contents but on account of its fine state of subdivision. 



!Fig- 2.-"Rehmann ty})e of Eccentric CIrate for (^as ProcliicerH (Hhallow). 


The preliminary and experimental work carried out in 
recent years in Europe ahd America has proved that two 
methods of utilising these fuels are open'^to the engineer. 
Either (1) they may be burned alone or mixed with other 
low-grade fuels of different physical structure ; or (2) they 
may be gasified in special types of gas producers. If method 
(1) be adopted some form of artificial draft is required for 
the proper combustion of the fuel. 

Under exceptional circumstances these low-grade fuels 
may be pulverised and burned in dust-form, but this method 
can only be used with advantage when the fuel is easily 
pulverised, or when it contains a large proportion of dust 
and smalls. Lumps of shale, and of bone-coal, are not 
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easily pulverised, and low-grade fuels containing a large 
proportion of these ingredients are best burned in lump 
form upon specially designed grates, provided with the 
necessary facilities for dealing with the large amounts of 
clinker and ash produced by the combustion. 

As regards gasification, several special types of producer, 
have been designed for working with fuels of high-ash 
contents, and all the difficulties resulting from the large 
amount and fusibility of the ash have been provided for 
and overcome. The producers now in use for this purpose 



Fig. 3. —^Rehmann type of Revolving Eccentric Crate for 
Cas Producers (deep). 


are equipped with various forms of revolving ash-pan, by 
means of which the clinker is crushed and automatically 
removed. In most cases they are provided also with a 
water-jacket, to prevent the clinker fusing and sticking to 
the outer plates of the producer. In the best types of these 
producers the speed of rotation of the ash-pan and the 
degree of eccentricity given to the centre-block can be varied 
to suit the fuel used. . See Pigs. 1—5, and Pig. 21, p. 75, 
and Pigs. 27, 28, pp. 91 and 93. 

When finely-divided material is used for gasification in 
these producers, or when a great depth of fuel-bed is necessary 
in order to obtain a gas of the required composition, it is 
necessary to increase considerably the pressure of the air- 
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blast. The Kerpely high-pressure producer has been 
designed to meet this particular case. This producer is 
provided with an enclosed water-seal, and air is introduced 
above the seal at the same pressure as that introduced below 
the grate. In this way an automatically-balanced pressure 
is maintained on both sides of the water-seal, and any 
pressure of air-blast that is requisite to penetrate the fuel-bed 
can be employed without risk of blowing the water- 
seals. 

Other types of these eccentric-grate producers for the 
gasification of low-grade fuels are the Pintsch, the Rehmann 
and the Tees. Four producers of the latter type have been 
installed at the new Tottenham Gas Works, in order to 
generate gas for heating the vertical retorts. Each producer 
has a capacity of 20 tons coke-breeze per day, and in its 
main features follows the lines of the Kerpely producer— 
that is to say, it has a rotating-grate, mechanical ash- 
discharge, and a water-cooled shell. The rotating grate in 
this case is formed of a heavy cylindrical casting, surmounted 
by a stepped cone, the whole being mounted eccentrically 
in the ash-pan. This pan rests on ball-bearings and is 
rotated by worm-gearing, driven from a shaft running along 
the side of the producer battery. As the speed of rotation 
is very slow, only |th to revolutions per hour, the power 
required is almost negligible. The makers of these producers, 
in fact, estimate this power at J H.P. per producer, but it is 
usual to install 1-2 H.P. for the work. The hot water from 
the cooling-jacket may be used for boiler-feed or other 
purposes, and the heat abstracted from the producer-shell 
can thus be turned to useful purposes. 

Culm, pit refuse and coke-breeze, however, appear at 
last to be appreciated by the more advanced colliery pro¬ 
prietors and gas-works engineers, and it is doubtful whether 
the ordinary consumer could purchase on contract at a very 
low price large quantities of either the one or the other fuel 
for delivery during the next twelve months. Peat and 
lignite are not very widely distributed in England, ^^^lere 
then is the British manufacturer to obtain his supplies of 
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low-grade fuels, supposing him to.be willing to purchase, say, 
five to ten thousand tons, for immediate use ? 

This query brings one to the consideration of the amount 
of low-grade fuels left in the coal mines of this country, 
because there exists no demand or profitable market for 
them at the present time. The proportion of fuel left in the 
mines, and its quality or physical characteristics, varies in 
different districts ; and that some loss must occur is evident 
from a study of the methods used for the extraction of seams 
of coal, often only two feet in thickness, from between the 
adjacent layers of shale and dirt. The more widely extended 
use of mechanical coal-cutters in mining work is, however, 
reducing the unavoidable losses incidental to the winning 
of the coal, and the instances given below are those-of coal 
left in the mines, not because it is impossible to get it away 
without collapse of the roof, but because there is no market 
for it when brought to the surface. The facts are taken from 
a paper read in 1916 by Professor Henry Louis, of Newcastle, 
at the Manchester Annual Meeting of the Society of Chemical 
Industry.^ 

In the South Yorkshire mining district what is known as' 
the Barnsley 9-foot seam is worked by many of the collieries, 
but only little more than one-half of this is brought up to 
the pit-head, the top-half of the seam, nearly 4 feet in thick¬ 
ness, being left in the m^ne because it is a soft coal with 
easily fused ash, and there is no market for it in the district. 
Chemically and thermally there is little difference between 
Barnsley '"hards” and Barnsley "softs,” but while the 
former commands a steady sale and a good price, the latter 
fuel, or 40 per cent, of the whole seam, is absolutely wasted. 
According to Professor Louis, apart from its softness Barnsley 
" softs ” is a good fuel, and shows only 3*8 per cent, ash, 
and 13,400 B.Th.U. by the calorimeter. 

In the Nottingham and South Wales districts very large 
amounts of small coal are left in the mines owing to the coal 
being loaded at the face of the seam with forks having 
inch " tines ” or prongs, and Professor Louis estimates 

1 Journal Society Chemical Industry^ July, 1916. 
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the loss in these cases at one-fifth of the whole production. 
In Scotland, in the Lanarkshire and Fifeshire districts, seams 
known as the '' great seam ’’ and the '' Ell coal ” are only 
partially worked, the better portions being brought up and 



Fig. 5.—Pintsch type of Revolving Grate Gas Producer. 


the poorer portions left behind. These are typical examples 
of what is occurring in coal mines all over the country.’- 
As regards the aggregate amount of this unmined fuel, 
the annual average output of coal in the United Kingdom 

^ See “ Final Report of Coal Conservation Committee of the Ministry of 
Reconstruction,” 1918, Cd. 9084, p. 62. 
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during the period 1910—1915 was aboufe'S^0>Q^,000 tons,, 
and if we take Professor Louis’s estimate 
within the mark, we here hav^ an annual wasfe oi ouV^ 
resources amounting to 65,000,000 tons.’^ If the colliery 
owners could be assured of a steady demand and market for 
this fuel, they would certainly not leave it in the mine, and 
the remedy for this waste is therefore for consumers of fuel 
to create the demand by offering to make use of these poorer 
fuels in their works and factories. 

The first step in such a development will be to obtain 
reliable samples and tests of the fuel; the second to frame 
a fair contract based upon the results of the laboratory 
examination, in which allowance will be made for the special 
difficulties of burning, due to the fine state of subdivision or 
high percentage of moisture and ash ; and the third and final 
step will be to adapt the methods of burning or gasification 
to the fuel, so as to obtain the highest possible efficiency 
from it. 

Before passing on to consider in detail in the succeeding 
chapters of this book the methods that have been employed 
for using these poorer classes of fuel, it is necessary to point 
out that in the majority of cases it will not pay to transport 
them any considerable distance by rail or water, owing to 
their high percentages of incombustible matter. In order to 
obtain the greatest possible economy, they should be burned 
therefore in close proximity to the mining area or pit where 
they are produced. The only exceptions to this rule are the 
fuels which are classed as low grade on account of their fine 
state of subdivision, rather than on account of their high 
percentages of moisture and ash. In this case the transport 
charges would be no greater tax upon the heat or power 
produced than in the case of the ordinary grades of fuel, and 
the use of coke-breeze and of coal-dust should therefore prove 
economical even at considerable distances from their point 
of production. / ’ 

Finally, one may summarise the whole argument byV 
stating that the methods described deserve the careful 

^ This 20 per cent, loss is calculated on the gross and not on the net total. 
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attention of all large consumers of fuel in coal-mining areas 
because the advantages to be gained are twofold, namely, a 
prolongation of the life of our manufacturing industries, and 
a reduction in the cost of heat and jrower to the individual 
consumer. 



CHAPTER II 


PEAT 

Next to coal, peat is the most widely distributed naturally 
occurring solid fuel. In fact, if one considers only the area 
covered by the peat deposits of the world, without relation 
to their depth or thickness, it is probably true that the 
deposits of peat now occupy a larger area of the earth’s 
surface than did the lower-lying coal measures, in the early 
stages of their geological history. The figures given below 
enable one to form some idea of the enormous extent of the 
area covered by the peat-bogs in all countries situated in 
the northern temperate zone. This condition of the occur¬ 
rence of peat is explained by the fact that the plant growths 
which produce peat require a moist but cool atmosphere and 
habitat for their development, and this is never found nearer 
to the equator than 45 degrees, nor within the arctic circle. 

Peat is found in abundance in the following countries : 
Great Britain and Ireland, Denmark, Prance, Germany, 
Hanover, Holland, Hungary, Italy, Oldenburg, Russia, 
Bavaria, Sweden, and, finally, in the United States.^ As 
regards area and extent, the peat-bogs of what were once 
the Crown Lands of Russia are reported to contain 100,000,000 
cubic feet of excellent peat. The Swedish bogs are estimated 
to represent 3,000 million tons of peat, while the swamp 
regions of Virginia, U.S.A., cover nearly 1,000 square miles 
and have an average depth of 15 feet. In Germany, the peat 
bogs cover 11,580 square miles, and in Ireland, one-tenth of 
the surface of the whole country. Tfie depth of the Irish 
bogs varies from 16 to 23 feet, but in certain cases this depth 
is much exceeded, and some are known to have a depth of 
50 feet. Finally, in the United Kingdom, which is so 

^ See also Bjorling and Gimlngy Engineer^ July 12th, 1907. 
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liberally provided with coal-measures, there are, according 
to Perkin, 6,000,000 acres of peat-bog, with an average depth 
of 12 feet. 

All the nations of the world whose industrial activity 
and prosperity in the past have been based on the develop¬ 
ment of.their deposits of coal are well provided with this 
alternative source of heat and power. 

The question of the best methods of utilising their resources 
of peat is therefore one of paramount importance for the' 
leading manufacturing countries of the world, for as their 
reserves of coal become exhausted, and the cost of working 
them increases, it will be necessary to fall back upon the 
more recently formed fuel—^peat—in order to be able to 
compete in the world’s markets with those countries, such 
as Sweden, Norway and Switzerland, which possess immense 
water-powers capable of cheap development for industrial 
purposes. 

This change from coal to peat is already occurring in 
certain European countries where coal is not plentiful or is 
of poor quality—and the change will, no doubt, be accelerated 
by the War, which has doubled the cost of coal-mining, and ‘ 
consequently the price of coal, in nearly all the countries 
of the world. 

Composition and Constitution of Peat. 

Peat is a mass of decaying vegetable matter which under 
suitable natural conditions and with the lapse of time 
would have been converted into a form of coal. The peat¬ 
bogs, to which reference has been made in the introduction • 
to this chapter, may therefore be regarded as partially- 
formed solid fuels, which, owing to their high percentage 
of moisture, come under the classification of low-grade fuels. 

If heat and great pressure were applied to this mass of 
decaying vegetable matter, and the water were eliminated, 
a residue would in fact remain which would possess many of 
the characteristics of. coal. This conversion of vegetable 
remains into peat occurs only in swampy districts, because 
the water shuts off the decaying plant from any access of 
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oxygen or air, and the decomposition that occurs is due, not 
to oxidation, but to inteimal chemical changes which may 
be represented by the following equation :— 

eCgHioOs = 7CO2 + 3CH4 -h + O26H20O2 

Cellulose yields carbonic acid gas, marsh gas, water, and peat. 

The moisture in peat is therefore largely due to the water 
which is formed as a result of the chemical changes that 
accompany its formation ; and peat fresh from the bog will 
often contain from 80 to 90 per cent, of moisture. 

By air-drying, with prolonged exposure to wind and sun, 
this moisture content can be reduced to 20 per cent. Below 
this limit it is impossible to pass by means of natural agencies, 
and this fact‘explains why peat has never come into use for 
industrial purposes where the supplies of other forms of fuel 
have been both plentiful and cheap. 

The high percentage of volatile matter in peat is another 
hindrance to its use for industrial purposes, since the heat 
produced by its combustion can only be economically utilised 
in special forms of furnace. The low percentage of ash and 
absence of sulphur, on the other hand, are characteristics of 
the fuel which count in its favour. The disadvantages arising 
from the high percentages of moisture and volatile matter, 
however, have been largely surmounted in the latest methods 
of using peat for power purposes. 

The following are approximate analyses, made in the 
author’s own laboratory, of air-dried English, Scotch and 
Irish peat r 



Engflish peat. 

Irish peat. 

Scotch peat. 

Moisture . 

20-3 

21-6 

26*2 


fash 1-0 

f ash 2-3 

f ash 2*1 

Coke. 

27*9 ( fixed 

21-8 ; fixed 

24*6 ■{ fixed 


1 i carbon 26*9 

\ carbon 19-5 

l^carbon22*5 

Volatile . ' 

; 51*8 

56-6 

49-2 


j 100-0 

100*0 

100-0 


The calorific value of air-dried peat varies considerably, 
but the average may be fixed at 7,500 B.Th.U., and peat 
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briquettes dried by natural agency may be taken', therefore, 
as possessing half the value of good coal. 

Peat Briquettes. 

The earliest method of peat utilisation was that of slicing 
the brawn and black peat of the bdg into small oblong blocks 
called "'turves/' and allowing these to dry in the sun and air. 
The “ turves,” which in Ireland are cut 24 inches long by 
6 or 7 inches square, shrink considerably on drying, and are 
only about haK this size when ready for use. Much of the 
domestic fuel burnt in the village^ and towns of Ireland 
to-day is peat won from the bogs by hand labour and dried 
in this way. 

Modern methods of briquetting peat, howeve]*, are based 
upon the use of machinery, both for cutting the peat, 
squeezing out the excessive moistui'e, and for moulding it 
into briquettes afterwards—and the aim has always been 
to reduce the hand labour required for these operations to 
the lowest possible point. 

Some details will now be given of the more notable and 
.successful installations of this kind, commencing w^ith those 
working abroad, since it is in Germany and Russia that the 
greatest progress has been made in utilising the peat and 
bogland resources*of the European continent. 

Germany, 

The manufacture of peat fuel briquettes, before the War, 
was already a flourishing industry in Germany, and there 
is no reason to believe that the industry has suffered any 
set-back during the war period, since the scarcity of coal and 
rising price in all countries has favoured the production of 
the cheaper low-grade fuel. 

The peat, in the majority of these German installations, 
is won from the bog by portable centrifugal pump-dredgers, 
which first cut and pulp the peat by means of rotary cutters, 
and then transport the pulped mass (which contains fifteen 
times its own volume of water) to the factory where the 
briquette-making machinery is installed. Here the pulp is 
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first passed through a centrifugal machine to liberate the 
greater part of the water, and is then transferred to a cylinder 
press, which operates on the principle of a paper-making 
machine and delivers the peat in the form of a thin sheet 
to the drying cylinders. The moisture, in this way, is 
reduced to between 15 and 30 per cent., and the peat, in the 
form of a moist hot powder, is then fed into the briquetting- 
machine, where it is submitted to a pressure of 30,000 lbs., 
and is moulded into the form and shapedesired for the finished 
briquette fuel. No binding agent is required since the 
bituminous matter contained in the raw peat suffices, in 
the majority of cases, under the combined influence of 
pressure and heat, to j^roduce a clean and hard briquette, 
in which the percentage of moisture is between 11 and 15 per 
cent., and the ash from 9 to 12 per cent. The calorific value 
of these machine-made briquettes is said to be about seven- 
eighths that of ordinary coal, and their cost of manufacture 
in Germany before the War, was from 5s. to Is. per ton. A 
plant to produce 50 tons per day was estimated to cost 
£16,000. 

Peat briquettes are largely used for domestic heating 
purposes in Germany, since they are practically smokeless. 
In order to prove, however, that the generation of power is 
quite practicable with this form of fuel, some details will be 
given of the very notable Electric Power Generating Station 
situated on the Wiesmoor Bog in East Friesland, North 
Germany, which is run entirely with peat won from this 
extensive tract of bogland. Fig. 6 shows the position of 
the bog (which is shaded), and the 150-mile district over 
which the current is distributed. The original power station, 
marked '' A ” in the plan, was erected in 1909, and was 
designed to generate 3,600 H.P, It has been twice enlarged, 
and now provides considerably over 6,000 H.P. to the 
docks and harbour at Emden, and to the electric tramways 
which run into Wilhelmshaven and Oldenburg from the 
surrounding villages. The Ems-Jade Canal is also operated 
with electric power derived from the Wiesmoor generating 
station. The power-house, after the first enlargement, was 
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equipped with four water-tube boilers and superheaters, and 
with three turbo-generators, each of 1,250 kw capacu ,y, 
deUveringthree-phase current at 6,000 volts. Ihis current 
is raised, in a separate transformer house, to 20,000 volts, foi 
transmission purposes. Sonie portion of the electric powtm m 
utilised for operating the electric dredging machines, wlueh 
form one of the chief featuresof this installation. The dredgcrH 



Pig. 6.—The Wiesmoor Peat-bog Power System in East FricHland. 


used at Wiesmoor were designed and built by an Oldenburg 
firm of engineers, and are mounted upon wheels, so that they 
can be run on wooden sleepers or on rails along the edge of the 
bog. The dredgers are of the chain-bucket type, the chain 
being driven by an electric motor placed at the head of the 
bucket-frame. A second motor, placed to the left, causoB 
the whole bucket-frame to travel in a horizontal direction, 
backwards and forwards, through a space of 4 metres. The 
wet turf, containing 90 per cent, of water, is emptied from 
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flu' tnn-lu-t'. itit.i 11 fuul is (iiuriod fnim lliis hy nicaiiH 

(if H (mvf lling Ih‘ 1( fimvcyi.r lo an («lt‘<-t riwily oiK-nUc'd pivMH. 
If iHMiii'H ti'imi Hum prcxH iu tin* form of a uniform lliick pulp, 
and i.s lln'ii, with flu* aid of anofluu' r'luufridally ()[H^ra(('d 
coiivoyor, oarrii'd fo flu' (dtairc'd and drainod portion of tlu' 
hogland forcirying, wiinroil in didivonal in I lu* form of a think 
fclf or (uirpof, 

In addition (o flu' large dredgei’H, lher(> are many smalU'r 
turf pnlfiing inaetuneH at work on tlu' Wi<'wmoor. 'I’Iu'ho 
inaeliineM an* ft'<| hy liand, and eonsiHl of an electrieally 
ojH*riiled hnekt't' eonveyor and of a pulping and moulding 



7 , <'mul>iii<*tl UfiiiurttiiiK iiml l)nHlj<iii(( Miu'lilni*, 


presM, wliitdi U'lvm apart t he peat llbren and then pidpn t hem. 
'I'he peat f»nlp Immuch from t lie pmuH in the form of a eontinuouH 
tliiek l«‘lt, and a wtirknuui Hfanding by the delivery nhoot 
«nitH the ]K*al into wtripH, 'I'hoKe tnaehineH are tmieh Hinaller 
than the otherH, ami a 12 H.l*. eh'etrie motor in Hullieitmt for 
operating tluan. Aeeording to t he guarantee of t he manu- 
faeturing firm, one maehine in a ten-hour day ean produet* 
(tn.nnn to Btl.OIM) turf wkIh or brnpietteH. t’ig. 7 hIiowh one 
of thoMe (deetrieally-operated eotnbined bri<juelting and 
dredging macdiintw. 

'rim Ki/e t>f the bloekH of half-dried ])eat, when fiiMt (sut 
into bloekH, in 4 inohoH by 5 inohoH by 12 ineluw. Ah HOon an 
a dry cirunt ban formed upon them ho tliat they ean be 

hatidled tlwry are Htaeked iu nmall heajw, where they are 

<■ 
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left exposed to the sun and air until the moisture (jontcmts 
have been reduced to 25 or 30 per cent., and the bloekn luiv('. 
shrunk in size to 2 inches by 2 inches by 10 inches. Iduvy 
are then loaded in cars, which are dragged along a small- 
gauge railway by a benzol motor to the power-house. In 
the summer months of the year the output of dried peat by 
the dredgers and drying grounds exceeds that of the rcqui rx^- 
ments of the generating station, and the surplus dricKl 
is therefore built up in large stacks in the open, or is storcul 
in covered sheds. When once dried and liard the i)ea(. blocks 
do not readily take up fresh water. 

The combined dredging and briquette-moulding plant 
installed on the Wiesmoor can produce in the usual five 
summer months’ campaign (from April to August) 3(),()()0 to 
35,000 tons of dried turf briquettes. Progress is (diiefly 
directed towards reducing the cost, by dispensing more ajid 
more with hand-labour, both in the winning of the turf and 
in the after process of drying and storing it until used. 

As regards the methods adopted for burning the f uel aftcvr 
drying, as described above, a series of travelling belt- 
conveyors carry the peat briquettes to th.c storage bunkerH, 
and then, after screening and weighing, to the feed-h()p])(U’H 
attached to each boiler. The grates are inclined at an angles 
of 36 degrees to the horizontal, and ar*e divided into two 
portions, each of 43 square feet superficial area. Idle halvcNs 
are fed alternately with briquettes by raising a lever, whicdi 
actuates a hinged door on the fire-side of the feed-hop]>er. 
Since the calorific value of the air-dried peat fuel is low, 
averaging only 5,400 B.Th.U., the supply of fresh fuel must 
be frequently made, and careful regulation of the air-supi)ly 
IS necessary in order to avoid great excess of air, and a low 
evaporative efficiency in the boilers, 

A steam-raising test made soon after the Wiesmoor plant 
was started gave an evaporation of 3-()l lbs. water per lb. of 
dried peat and a boiler efficiency of 73-5 per cent. Tlu^ 
mean calorific value of this peat was 4,824 B.Th.U,, or just 
one-third that of good coal. Worldng out the coat of the 
tuel trom these figures, taking the price of the turf briquettes 
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at na. |KM‘ ton, and tlio fiu>l oonsiiniption at 2-5 kf^H. [wai |)('r 
kw. hour, wo find (hat (h(> fuel rofiuirod (o gc-norato I Uvv.- 
fioiir will ooHt iMd woc'n -144 and -KIK of a ponny. 'I'liiH 
oomparoH ((iiiti' favourably wiili tlu' (awt of (a>al in tho lawt 
managed largo nnaiorn pow('r HtatioiiH. 

Ih'forc' tlw' War IluHaia wan hoooiuI only to (h'nnany in 
tho numlM'i' and oapaoity of ita inHtallat.ioiiH for iirodiuting 
p(‘at fnol. A(!oording to llaanol, tho numbor of Hoparatt' 
plantH in inio waa an<l th(' output of niachino ]H*at 

anunmtod to over (iv(^ and a half million tona annually. 

Many private [>lanta ('xiat('d in <ionno(!tion with ootton-milla 
and other manufaoturea. aoiru' of whioh wc'ix' ])rodu(ung 
nearly a (piarter (d a milli<m tona of |>eat fuel per annum. 

'I'Ik' nu'thod uao<l in thoao liuaaian nia(du‘ne-p(‘at planta waa v 
very aimilar to (hat (haorila'd above aa in opc'ration on th(*i 
WieamcKH' bog in Kaat Krioaland. that ia, tlu' pc'at waa (uif. 
and pulped by a <!ombin<‘<l type* of imuthim', it waa (h<*n 
fornual into blooka by hand labour and waa finally dried by 
t'.xpoaure to the aim and wind in (he opmi air. 

Cttiituhi. 

'I'ho Caiifwlian (<ov<‘rnm<‘nt in Itiot) 10 I'reeted a amall 
ex|M>rimental jdant for prodtieing tnaehine-mado peat at. 
Alfred, in Ontario, in order to eneourage t he develofinumt of 
th(' (H'at maouroea of the Dominion upon .sound linea. 'I'hia 
{ilant waa very aimilar in doaign and iirinoijile to thoao already 
deadfilK'd aa at work in (Jermany and Ituaaia, the only 
inpiroveinent U'ing that a ayatimi of eablea waa otnjiloyod to 
tranaport f ile fuiljH'd fK>at to tiu' drying grounda. 'The pmit 
produeed at thia jilant in (lie 1011 ilrying aeaaon liad a 
nioiatiire eontent of 10 to 20 per lamt ., and waa employed for 
II aiu’iea of attswn-raiaing t.(*ata in two ilifferent. tyfiea of boiler : 
n, Babeoek &. Wileox Marine type of watiu’-tulMi Ixiiler, and 
an internally-firetl boihu‘ of the locomotive type. Bull, 17 
of the Canadian Department of Minea containa a full record 
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of these tests, and the table given below gives a siininiajy 
of the figures obtained in the six main tests 



1 

j Water-tube Boiler. 

i _ 

Fire-tube Boiler. 


i 

i ' 

1 

2 

3 

4 

5 


Net calorific value of the 
fuel as fired, B.Th.U. 
per lb. . 

7,490 

7,490 

6,990 

7,130 

6,970 

7,110 

Peat fired per hour, lbs. 

i 476 

1 

586 

569 1 

160 

214 

341 

Peat fired per square 
foot of grate surface, 
per hour, lbs. . 

20-5 ! 

15*5 

16-0 

17-7 

. 

23-8 

37*9 

Equivalent evaporation 
per hour from and at 
212° F., lbs. . 

1 

1,950 

2,322 

2,250 

621 

802 

1054 

Equivalent evaporation 
per hour per square 
foot of heating sur- i 
face, lbs. . 

2-88 

1 3-43 

3-32 

2-89 

3-73 

4-9 

Lbs. of dry flue gas, per 
lb. of peat 

12*4 

9-8 

IM 

9-8 ' 

9-1 

6-5 ' 

Temperature in flue j 
leaving boiler, deg. F, 

720 

760 

715 

" 690 

690 

750 

Equivalent evaporation 
from and at 212° F. 
per lb. of peat fired, 

lbs.. . . 

4*10 

3-96 

3-95 

3*89 

3-74 

3-09 

Thermal efficiency of 
boiler furnace and 
grate, based on the 
net calorific value, per 
cent. 

53*1 

51*3 

54-8 

52-9 

52*1 

42'2 


These efficiencies are low when compared with those said to 
have been obtained at the Wiesmoor Power Station, but it 
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must be remembered that peat contains a very high percen¬ 
tage o£ hydrogen, and that when heated, two-thirds of the 
combustible matter it contains is liberated in the form of 
hydrocarbon gases. A very large combustion-chamber is 
therefore required, with secondary air-admission, to obtain 
good results with peat fuel, and this does not appear to have 
been arranged for in the Canadian tests. The high percen¬ 
tages of moisture and hydrogen also lead to a further loss 
of* heat in the waste gases, a loss which is unavoidable unless 
they are cooled below 212° F. in the economisers—^for this 
moisture evaporates, the hydrogen on combustion forms 
aqueous vapour or steam, and the latent heat of this steam, 
which is mingled with the other products of combustion, is 
generally lost. Since peat fuel contains, as a rule, a much 
lower percentage of sulphur than coal, the best method of 
obviating this difficulty would be to have a specially large 
economiser to each boiler or set of boilers, and to reduce 
the temperature of the hot gases to 150° F. before allowing 
them to escape up the chimney. By this plan, using water- 
tube boilers with specially designed large combustion 
chambers, the efficiency obtained with peat fuel for steam¬ 
raising purposes could no doubt be raised to between 60 and 
70 per cent., when calculated out on the dry fuel. 

Carbonising. 

Many processes have been devised for carbonising peat 
in closed retorts or ovens, the aim being to obtain a more 
condensed and marketable form of fuel than is obtained by 
briquetting or machine treatment of the raw peat. In these 
processes the air-dried machine-treated peat, obtained as 
already described under section 2, is employed as the raw 
material of a further process of enrichment, artificial heat 
being employed to drive off the remaining moisture and some 
of the hydrocarbon gases. None of these processes has yet 
obtained general application, for the simple reason that in 
the majority of cases the increase in the calorific value of 
the chief product, peat-coke, and the value of the recovered 
by-products, is not sufficient to cover the costs of the addi- 
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tional treatment. Under H]>ecial conditionH iih reicardH t lu* 
market for peat-coke, and for the (UTOH(>tc% liglit oiln, luudnfe 
of lime and other by-procluctn, the pt^at (nirboniHing prtHH^HH(*H 
can be worked RucccHHfully, howev(‘r, atid both in Norway 
and Germany there are installationn of thin type in acdual 
operation. The proceHHOH are <liH(ingiaHlu‘d an ‘‘dry’* or 

wet ” carl)oniHation jn'oeeHseH, accorditig an to wludlier dry 
heat or BuperJicatcd Htcarn in tnnploytHl to act an ht^at earritn* 
to the peat contained in tlu^ itdortn. 

‘‘Dav ” Garbonisation IhioenHHRH. 

The Jehsen prociOHH of dry (jarbonination in basted upon 
the application of electrically pi'odueed and wan flrnt 

worked upon an induntrial nealc' in the yeairn IIHH IP02 
near Bergen, in Norway. So far m the wi'itcu’ in awart* it in 
still operated at this ])lac(^ but it does not a-pp(‘ar to havc^ 
made headway in any otluu* lo(;ality. Thc^ p(‘at, dri(*d as 
far as possible by the sun and air, is mouldc*d into suitably 
shaped blocks and is pla(?e(l in iHvtorts, tln^ walls of whi(di are 
covered with asbestos, or other non tsmdiuding mattunal, 
unacted upon by the gases wliicdi ar(‘ |)rodu<?ed wlien the 
peat is heated. Tlu^ chargt‘ of peat is tluni raistnl to 45(1**' 0. 
by means of electrics n^sistamu* (H)ils plae-tsl bev/r/r tht^ nvtort 
in conta(d) with tlu^ raw p(*at, so that tlw* h«‘at prodiuuHl in 
them is transmitted direct ly to t lu^ (4iarg(^ witfiout any 1oks<‘h 
by conversion or radiation. By tliis means, some of the 
difficulties of heating the charge (rf (H'at are ervereonus btn. 
the method is applicabh^ only wlnerc^ tdisitrie power is 
generated at an exceptionally low (H>st., as in Norway. 
gas produced from the peat is uhchI to dry tlu^ blocdcs bifore 
they are placed in the retort, in a long luxating ehamlM3r 
worked upon the counter-cnirrent principle and thc3 tar 
obtained is worked up for the usual by-prodlutts of the pt»at« 
coking process. 

Tuk ZtKai.hin IhiooKHH. 

This method of carbonising peat in (dosed ret cud s ’was 
brought out by J)r. M, Zk^gler in IBI)2, and it has bec^n 
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worked successfully since that year at several localities in 
Germany and Russia. The peat, in this case, is carbonised 
by the application of artificial heat obtained by burning the 
gas given off from the retorts. Where the process is most 
successfully worked, the surplus gas suffices to generate 
power for operating the dredging and pulping machines 
by aid of which the peat is won from the bog — and 
the waste heat of the gas which passes away from the 
retorts is also utilised to dry the peat blocks before 
carbonising. 

As regards the output of solid fuel by the dry coking 
process, about one-third of the weight of the raw peat 
charged into the retorts is obtained as a ''peat-coke,’’ 
specially suitable for smiths’ use and metallurgical work, 
on account of its low contents of sulphur and ash. According 
to an estimate made by Dr. Ziegler, the yield of by-products 
from a plant coking 100 tons of air-dried machine peat per 
twenty-four hours will be as follows :— Creosote oil, 3,100 lbs. ; 
Acetate of lime, 1,320 lbs. ; Sulphate of ammonia, 900 lbs. ; 
Paraffin wax, 715 lbs. ; Pitch, 440 lbs. ; Light oils, 280 
gallons ; Heavy oils, 95 gallons ; Methyl alcohol, 65 gallons. 
This estimate, however, is only correct for the peat found 
in the locality where the plant which gave this yield is 
situated, and it is important to note that the financial success 
of the Ziegler process is very dependent upon the character 
and the purity of the peat charged into the retorts. The 
existence of good markets near at hand for the peat-coke and 
by-products of the process is also a sine qua non of its 
successful operation. The Ziegler plants erected-in Europe 
were at Oldenburg and Beuerberg, in Germany, and at 
Redkino, in Russia ; but the last-named is reported to have 
not achieved a permanent success, owing to lack of demand 
for the by-products. 

That the Germans are still devoting attention to the dry 
distillation of peat is shown by the fact that so recently as 
1916 a patent was granted to Limbers (No. 302322.— 
November 3rd, 1916) for an improved form of retort, in 
which the heating is to be effected in three stages by aid of 



24 WASTE FUELS FOR POWER GENERATION 


heated non-oxidising gases which pass over and through the 
mass of fuel. 


Wet Carbokising- Process. 

The wet carbonising processes depend upon the use of 
superheated water or steam, and considerable pressure for 
raising the temperature of the peat to 300° or 400° F. In 
the author’s opinion it is doubtful if any real carbonisation 
occurs at this temperature, and it is much more probable 
that the hardening effect of the treatment upon the peat is 
due to the breaking down of some portions of the cell struc¬ 
ture, and to the fact that more of the water and moisture can 
be expelled afterwards by mechanical pressure than is the 
case^ with ordinary machine peat. 

The most noteworthy of these processes of peat carbonisa¬ 
tion was the ETcenberg process which was brought out in 
1904, and was tried upon a working industrial scale in 
Sweden, The wet carbonising furnaces used in the trials 
consisted of a series of iron pipes, some 36 feet long, through 
which the wet peat, in the form of finely divided pulp, was 
forced at a pressure of 150 lbs. to the square inch. Each 
tube was double, and the peat pulp, after passing down the 
larger outer tube, returned along the inner smaller tube, and 
thus gave up some of its heat to the incoming pulp. The 
outer tubes projected for half of their length into the fire-box 
of the furnace, and were heated here to the required tempera¬ 
ture by coal or gas. Ekenberg claimed that this heating 
under pressure destroyed the cells of the slimy hydro- 
cellulose compounds, which enclosed a large proportion of 
the water contained in the peat, and tKat, after submitting 
the peat to his process, the greater portion of the water could 
be expelled by mechanical pressure alone. The water-free, 
wet carbonised peat tested 11,000 B.Th.U. per lb., and the 
cost of production was estimated to be from 65 . Sd. to 8$. 9d, 
per ton, according as to whether machine or hand-labour was 
employed for winning the peat from the bog. Although the 
Ekenberg process received an extended trial in Sweden, and 
was much discussed by engineers, having been the subject 
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of a paper read by the inventor before the Iron and Steel 
Institute, in. 1909, the writer believes that it is not now in 
operation, th.e costs of operation having proved excessive. 
A modification of the process has, however, been introduced 
into France, and has been operated successfully in the 
development of the peat deposits at Ille-et-Vilaine. The 
following description of the process is taken from an article 
by Messrs. Galaine, Lenormand and Houlbert, which 
appeared in Comptes-Bendus of September Srd^ 1917 :— 

The peat is first treated in presses of the Mabille or Aurep 
type, which give a pressure of 710 to 1,420 lbs. per square 
inch, and easily reduce the original water contents of from 
80 or 90, to 60 per cent. The partially dried peat-blocks, 
or turves,’’ are then placed in a suitable carrier, and are 
introjiuced into horizontal autoclaves, where they are heated 
by steam to 160° 0. for a period of twenty-five minutes. 
On removal from the autoclaves, the hot briquettes may be 
a second time passed through the press, but this is not 
essential. They dry quickly in air down to 20 to 25 per cent, 
water, but it is better to place them in a heated chamber 
for the final stage of the process. The final product is quite 
different in physical and chemical properties from briquettes 
of ordinary peat, and the authors have given it the name of 
“ tourbon.” They regard it as a half-formed coke, and state 
that its heat value is about 6,500 kg. cals., or 10 per cent, 
higher than that of dried peat. As the hydro-cellulose 
compounds have been destroyed by the temperature attained 
in the autoclave the product does not absorb more, moisture 
after it is once dried. An approximate analysis of the 
anhydrous tourbon ” obtained from the peat deposits of 
Chateauneuf, at Ille-et-Vilaine, gave the following figures :— 
Volatile matter, 61-3 per cent. ; fixed carbon, 36-6 per 
cent.; ash, 3*1 per cent. By arranging the autoclaves in 
batteries with suitable arrangements for making use of the 
heat of the exhaust steam it is possible to carry out the 
process with an extremely high efficiency as regards utili¬ 
sation of the heat, the figures varying from 85 per cent, to 
91 per cent. 
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Gasifying the Peat in Gas-Prodtjcers. 

Gas-producers have been designed in recent years that can 
be operated quite successfully with solid fuels containing 
up to 35 per cent, water, and this fact has led engineers to 
devote considerable attention to the possibilities of utilising 
peat for gas-producer work. The fact that the low tempera¬ 
ture obtaining in the producers favours the production and 
recovery of ammonia is another point in favour of the 
complete gasification of the peat, since the average nitrogen 
contents of many peat-bogs is higher than that of the ordinary 
coal measures. Many forms of special producer and plant 
for the gasification of peat and recovery of the ammonia 
have been patented and tried upon an industrial scale in 
Europe during the past decade—and before the War there 
were quite a large number of these peat-gas power plants in 
successful operation in Gtermany, Sweden, Russia, Austria, 
Italy and Ireland. The type of gas-producer that has proved 
most satisfactory with peat is that known as the double¬ 
combustion zone producer, the gaseous products that collect 
above the charge of fuel being drawn or forced downwards 
through the incandescent carbonaceous matter, in order to 
decompose the larger portion of the tarry vapour contained 
in these gases, before they are used in the engine. Practical 
tests have proved that more power is obtained by this simple 
gasification process than when by-product recovery is carried 
out. The decision as to whether there will be any economic 
gain by separating the tar and recovering the ammonia must 
depend upon local conditions, the amount of nitrogen 
contained in the raw peat, and the size of the plant. 

Under the best conditions one ton of peat gasified in a 
double-zone suction gas-producer, and utilised for driving a 
modem gas engine, will yield the same amount of power at 
the engine-shaft as one ton of good coal employed for steam¬ 
raising and power generation, in an up-to-date steam-driven 
power plant. In support of this statement the following 
figures are given, taken from an actual test carried out in 
Germany in 1911, with a 300 H.P. suction gas-producer and 



engine, using as fuel a peat testing 23-4 per cent, moisture, 
4-2 per cent, ash, and 7,108 B.Th.U. 

The consumption of peat during the tests was 2,074 kgs. 
at full-load, and 1,736 kgs. at half-load—the consumption 



per E.H.P. hour being -99 kg. and 1-45 kgs. respectively. 
The gas obtained from the producer at full-load tested as 
follows' H, 17-15 per cent. ; CO, 15-85 per cent. ; 0, 1-02 
ner cent.; CO 2 , 12-34 per cent.; N, 52-2 per cent. ; and the 
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calorific value of the .same wa.s I20'2 B.'l’h.U. per cubic foot. 
Assuming the air-dried peat, (iould 1 k' d(‘liv('re<l into the 
producer from the bog at a cost, of 4.v. ptu’ ton, tiu' cost of 
fuel per kw.-hour in tills plant, was only ‘Olid., which is 
a far lower figure than could b(» obtaiiu'd with any other 
fuel. 

Some tyjiical installations of peat-gas power plant s will 
now be dosoribed :— 


Simian. 

One of the earliest installations of this type to be erected 
was that at Skabersjo, in Swtslen. 'Fhis plant, was started 
in 1904 and enlarged in 1900--and, so tar iw the writer is 
aware, it is still in operation. A large peat, bog ((.vists in 
this locality, at a distance of only three' miles from the town, 
which is supplied with electricity for heat and power purposes 
from the generating station at. t he bog. Pig, K is a s('ct ional 
elevation of the producer, scrublx'r and fan. 'I'lu' original 
installation was designed to protluce l.'iO 11.!'.,and this lx*ing 
quitesuccessful, the plant was duplicated in I fiOOaiul increaHe<l 
to 300 H.P. capacity. Only 750 tons of airdricul }H'at are 
required per annum to give this iHiw<'r, ami there is conse¬ 
quently little difficulty in obtaining the p(«at from the bog 
with the aid of the local farmers during the working seiisoti, 
which, in this locality, lasts from April 15th f.o fk'ptcmlx'r Ist. 
The power for working the dredger and pulping machine is 
obtained from a 35 H.P. motor, supplic'd with eh'ctric mirw'nt 
from the central generating station. 'I'wo Km'rting suction- 
gas producers specially desigtu'd for j»eat gasification art' 
installed at this station, with two 150 H.P. Kot'rt.ing gtis 
engines of the twin horizontal single-actitig type,. These 
engines are direct coupled to three-phase alternators whitdi 
generate current at 3,000 volts for transmission to tiu' town 
of Hkabersjo, where it is sold to tionsumt'rs for lighting 
purposes at ^\d. jK'r unit. 'Fhe air-drii'd jx'at Wfis dedivered 
before the Warat the producers at a cost of only 3s. Ad. jK'r ton 
—whereas bituminous fuel at this phux' costs I<k. jK'r ton. 

Another successful and larger peat power-gas installation, 
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Koerting producers and eng^i^^sLo^operation 
at tlio coiucMt works situated at Visby, in 
original plant liere was erected in 1908, and consisted* o1E,'6nfe 
250 H.P. prodxicer and gas engine, of the horizontal single- 
acting type ; but in 1911, when Fernald ^ visited the plant, 
the equipment was being increased to 1,500 H.P. Fig. 9 
shows the plan of the enlarged power station. The peat¬ 
working season on the bog at Visby extends from April 15th 
to August 8th 3 and all the peat required for the winter use 
should be dry and in the storage bins by October 1st in each 
ye^r. The peat machine originally used in 1908 required 
42 H.P., and when worked with a squad of ten men it 
produced 60 tons of dry ” peat per day of ten hours. The 
term ‘‘ dry ” applied to this peat was somewhat misleading, 
as it still contained 25 or more per cent, water, according to 
the weather conditions that prevailed when it was harvested. 
With this machine the peat was excavated by a bucket- 
dredger and conveyor, was passed through shredding and • 
mixing devices, and was then delivered into the cars in a 
pasty mass. It was transported in this state to thfe drying 
fields, was dumped into a frame on the ground, and finally 
was rolled and divided into bricks by means of blades on 
the roller, and a 3-inch disc cutter operated by another 
workman. This “dry’’ peat contained 25 per cent, to 
40 per cent, moisture, the bricks measured 8 to 10 inches 
in length, 4 inches in width, 2 inches in thickness, and 
weighed If lbs. The cost of this peat, when collected at 
the bog ready for delivery in cars to the gas-prodiicers, was 
Bs, Sd. per ton. 

I reland. 

The most successful example of ah industrial power-plant 
operated with peat in Ireland is that of Messrs. Hamilton, 
Robb & Co., at Portadown, Co. Armagh. This plant has a 
capacity of 400 H.P., and has been in continuous operation 
since 1911. The equipment consists of two Crossley gas- 

1 “ Producer Gas-power Plants—Developments in Europe,” U.S.A. Bureau 
of Mines, Bull. 4, 19U. 
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producers, specially <losigue(l for tlu^ gasificalioii of wed. ]K';al, 
and two Croasley gas eiigi lies ot 120 and IHO 11. P. r(^s|HH!tiv(dy. 
The peat is obtained from a bog 12 miles distant from 
Portadown, and after air-drying, is t ransjsn ted to tlie works 
by water-carriage, d’he gas-i)rodu(!('rs ar(' worked on the 


suction principle, and no attempt, is made to recsover any 
by-products, although scrubbei's are enipIoy(>d to rmnove thc< 
tar that has escaped destruction in the producers (see h'ig. 10). 
The composition of the gas is as follows 11, IB per cent. ; 
CO, 19 per cent.; CH4, l-(i per cent. ; C().j, 7 per cent. ; 
N, 54 per cent.; anti the (uilorific value of the gas is 140 










B/rii.U. per (Uibie foot. During u ioHi run of nix fiourH 
duration, made in October, H)ll, witli a load of M.P*, 
the (jonHinnption of peat ainounicHl to.2-55 Ibn. pen* li.lf.P. 
hour. From thane figutx'H it in (?al(udated that it p(‘at 
delivered at tlie prodiujern at a total (iont of Hk. [ku* ton, 
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power could be generated at thin plant witFi an expenditure 
for fuel of per B.H.P. hour. 

Borne diffi(ndti(\s hav(^ l)eeri <(X|)erienc<«l at thin Portadowti 
plant with the tar, hut by iuenuwhig the amount of wawfi- 
wator uHod for (iloatiHing tfiei ga.s by Hpraying, to 7 galloriM 
ix>r B.H.P. hour, thin trouble han he<‘n overcome and Ukj 















engines can now be run for three weeks witliout (^leaning tJio 
valves. 

About 100 tons of peat-tar are j)ro(lucc(l annually at the 
Portadown works. As no outlet has yet been found for it 
the Swedish and German methods of converting it into gas 
would appear to be the more advantageous, especdally as, 
according to Pegg, 5 per cent, of the weight of the raw peat 
is recovered in this form. 

Gasification with Recovery of the Ammonia. 

The peat-gas power plants described above are worked 
without recovery of the ammonia, and it is now necessary 
to consider whether better economic results could l)e obtained 
by adding an ammonium sulphate plant to the installation 
of producers and gas engines. In a paper read before the 
Liverpool section of the Society of ChemicjxJ Industry, in 
November, 1916, Professor Baly discussed this (juestion at 
considerable length and many of the figures that follow are 
taken from his paper. As an example of the amount of 
sulphate of ammonia that can be recovered from peat, tlio 
tests made with producers of the Mond type at the works of 
the Power Gas Corporation at ytockton-on-'I'’eeH may be 
quoted :— 



Gorman 

Italian 

liJnjfliHh 


Peat. 

P(iat. 

Peat. 

Moisture (per cent.) . . j 

40 to 60 

15 

07-6 

Nitrogen (percent.) . . j 

Gas from one ton of theoreti -) 
cally dried peat (cubic feet) ; 

1 

1-58 

2-3 

35,000 

60,000 

00,000 

Heat-value (B.Th.U. per cubic ) 
foot). . . . . ) 

150 

166 

134 

(NH4)2 SO4 per ton of theoreti- j 
cally dried peat (lbs.) . , i 

70 

116 

215 


The German engineers, Prank and Caro, have devoted 
considerable attention to the problem of adapting the Mond 
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producer to the gasification of peat, and a large installation 
of this modified type of the Mond gas-producer was at work 
in N.W. Germany on the Schwelger Bog before the War (see 
Fig. 11). Their method of overcoming the special difficulties 
caused by the use of peat containing 50 to 70 per cent, 
moisture is to increase the temperature of the drying zone 
of the producer to 250° C., this increase being effected by 
raising the temperature of the air steam blast from 250° to 
450° C. According to Baly, this increase gives an intensive 
combustion of the coke, an increase in the size and tempera¬ 
ture of the combustion zone, and consequently an almost 
quantitative recovery of the nitrogen as ammonia. The total 
amount of steam used should not exceed, however, half the 
weight of the peat gasified. Baly gives the following figures 
as typical of the results obtained with the Mond producer (as 
modified by Frank and Caro) when working on peat containing 
50 to 60 per cent, moisture. One ton of theoretically dry peat 
gives from 88,000 to 92,000 cubic feet of gas. Of this total 
39,000 cubic feet is used in the producers for the air steam 
blast, leaving 49,000—53,000 cubic feet as surplus, and from 
this surplus gas 700—750 H.P. hours can be developed. 
The recovery of nitrogen as ammonia is from 70 to 85 per 
cent, of that contained in the peat, and the yield of tar is 
from 3 to 6 per cent. 

As regards the cost of the H.P. hour, Baly states that the 
original figure given when the process was first brought 
before the public was -06^., but in 1911 figures were published 
for the Schwelger-Bog plant which showed that all the 
expenses were paid for by the value of the recovered by¬ 
products. At this date the capacity of the plant was 
6,000 kilowatts, and each ton of theoretically dry peat 
produced 1,000H.P. hours and 90 lbs. of ammonium sulphate. 
Peat containing up to 70 per cent, water was used in the 
producers, and the tar obtained was distilled to obtain 
paraffin wax and neutral oils. 

A peat-gas power plant, using a method very similar to 
the modified Mond method of working, is also in operation 
at Codigoro, in Italy. The peat, after preliminary drying 
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and crushing, is charged info a producer 30 feet high, having 
the combustion zone near the bottom. The combustion is 
regulated by a hot-air and steam jet, and the plant is said 
to recover as ammonium sulphate three-fourthvS of the 
nitrogen in the raw peat, or 170 lbs. per ton. The original 
plant treated 1,500 cubic feet of peat per day, and produced 
50 tons of ammonium sulphate per month, with electrical 
energy equivalent to 800 H.P. The plant has recently been 
enlarged, and, according to the latest figures, is now treating 
17,000 tons of dried peat annually and producing 10 to 12 
tons of ammonium sulphate per day. 

Powdered Peat as a Boiler Fuel. 

Although powdered peat has not been long before the 
public as a fuel for steam-raising purposes, many engineers, 
including the author, believe that this method of utilising 
peat will expand rapidly, and that it will take the place of 
the older method of briquetting the peat before burning it 
for power purposes. The advantages claimed for powdered 
peat are that it is easily produced, and that it burns with a 
very hot flame, owing to its high percentage of volatile 
matter. The method of producing peat powder varies. In 
Sweden the peat is dug, machined, spread on the bog to (Iry, 
and cut into bricks, in the manner customary for briquetting. 
The air-dried bricks contain 50 per cent, water, and are 
crushed to a coarse powder in specially built machines ; 
this powder is then dried in rotary driers. In Canada, a 
novel system of collecting peat powder has been tried, based 
on the use of pneumatic collecting machines. The cleared 
and smooth surface of the bog is lightly scored by a harrow, 
and after a few hours’ exposure to wind and sunshine the thin 
layer of ,peat powder becomes dried down to 30 per cent, or 
less of moisture. This dried dust is now collected by air- 
suction the collector being operated electrically and mo unted 
on rails. A collector of this type can gather on a favourable 
day 40 to 50 tons of air-dried peat at a cost of only 6s, 6d, 
per ton—and after screening, its moisture contents, if desired, 
can be still further reduced by artificial drying. A further 
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advantage of peat powder, as a fuel, is that when employed 
for steam raising purposes it can be handled and transported 
more cheaply than bricks, and there is said to be no danger 
from self-ignition, although this seems doubtful. 

The only figures for the efficiency of peat powder as a fuel 
are those published by Ekelund, who stated that 1*2 tons 
of peat powder, containing 15 per cent, water, was equal in 
evaporative effect to 1 ton of the best coal. The cost of 
producing peat powder in kSweden in 1911 was given as 9^. 
per ton. In 1913, or just before the War, the Finnish 
Government made a grant of £10,000 to the Turf Fuel 
Company to aid them in erecting a factory for the production 
of dust peat, near the railway station at Rychimyaki. This 
arrangement was based on the experience gained on the 
Stockholm-Rimbosk Railway, in Sweden, on which line the 
locomotives, since 1911, had been worked with the new form 
of fuel. The War, of course, will have stopped these contem¬ 
plated developments in Finland, but there will now be 
a considerable expansion of the powdered peat industry in 
Scandinavia, Northern Russia, Canada and other countries 
where the climatic conditions are favourable. 

CONCLUSION-S. 

The above review of the latest trials of peat, as a fuel for 
generating heat and power, indicates the lines upon which 
future developments may be expected to occur. 

For large central schemes of electric-power generation the 
production of gas from the partially dried peat in gas- 
producers of the double-combustion zone type, and use of this 
gas in large gas engines is certainly the most economical 
and practical method of utilising the peat. Whether these 
schemes will be operated with recovery of by-products is a 
question, the answer to which depends very largely upon the 
demand and price which can be obtained for these by-pror 
ducts in thedocalities where the works are situated. 

Far steam generation and the heating of large furnaces 
generally the use of powdered peat offers many advantages 
over the briquetted form of the fuel in addition to the greater 
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cheapness of production, and therefore, in those countries 
where the surface of the bogs and the climatic conditions 
favour the production of peat powder, arrangements for 
producing this form of the fuel in large quantities should be 
made. 

For domestic heating purposes the machine-made bride or 
briquette is the cheapest, and the writer does not believe 
that the more elaborate processes used to produce a peat- 
coke or tourbon ” will be found to pay their working 
expenses, in the districts where peat must be sold in competi¬ 
tion with coal. 

As a general rule the simpler the machinery and the lower 
the cost of its upkeep, the greater is the chance of its success¬ 
ful use for briquette production, and some of the elaborate 
machines and schemes of the past designed for the production 
of a domestic fuel from peat have come to grief, because their 
promoters lost sight of this fundamental principle of success. 
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CHAPTER III 




LIGNITE, BAGASSE AND WOOD WASTE 

Lignite (or brown coal) is not found or produced in any 
quantity in the United Kingdom, hut very large deposits 
occur in Canada and Australia, and there is little doubt that 
at no distant date these colonial reserves of lignite fuel will 
become of considerable industrial importance. According 
to Steuart ^ there are vast amounts of lignite in Alberta, 
Saskatchewan, and Manitoba, in the Dominion of Canada, 
and also 1,700 square miles of it in Victoria, in the Australa¬ 
sian continent, so that when the United Kingdom has 
exhausted her deposits of coal and peat, and is obliged to 
curtail her manufacturing activities, these other portions of 
the Empire may take up the roU, and become in their turn 
the centres of flourishing manufacturing industries. 

Already in Germany and in the United States, the beds 
of lignite which are found in certain districts are being 
worked and utilised for power purposes on a large scale, and 
the developments that have occurred in these countries are 
certainly worth studying, in connection with the further 
exploitation of the fuel resources of the British Empire, 

Chemical and Physical Properties op Lignite. 

Lignite is a naturally occurring solid fuel intermediate to 
peat and ordinary bituminous coal in age, and in chemical 
properties. As usually found it is earthy in appearance 
and brown in colour, hence its name of brown coal.’’ The 
percentage of water in freshly-won lignite is large, ranging 
from 30 to 50 per cent,, and even after air-drying, the mois¬ 
ture contents are still high and vary from 10 to 20 per cent. 

^ Journal Society Chemical Industry, February 28tli, 1917. 
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When large lumps of lignite are dried, the escape of the 
excessive moisture causes them to breakup into small pieces, 
and this '' crepitation ” detracts from the value of natural 
lignite as a fuel, except after briquetting or other treatment. 



The ash contents vary from 5 to 10 per cent., and the volatile 
hydrocarbons from 35 to 45 per cent. 

Four methods of utilising lignite are in operation in 
different parts of the world, namely :— 
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(1) Air-drying and uhc in the natural state for power 

goiuvratioi). 

(2) Bricjuottiiig. 

(3) DiHtillation. 

(4) OaHificatioM. 

(I) PowMK Oknuration imoM Aiit-oRiED Lionitk. 

d'ho (vleetro-oheinicial works at Bittci'fcld, in Saxony, arc 
o})cu'ated ontircsly witli ck'otik! power derived from the veiy 
('xtensivc beds of lignite which ocmir in the vicinity. In 
fact, the Hite of thcHC^ worlcs was purj)OHely chosen by the 
projiioters becauHC it was l)elieved that the cheapness of the 
power would more than count(ul)alanco the distance of the 
works from tht» usual mai-kets for the manufactured goods. 

The works here are an offshoot from the original German 
Electrolytic Soda Works, at Grieshoira, near Trankfoit, and 
oper'atc whaf. is known as the Elektron pi’ocess of soda 
and bleacfr manufactiuro., '[''he fact that these Bitterfekl 
Works have betm grcnitly (extended since their erection in 
1894, when the plant was designed for the utilisation of only 
:},(K)9 H.P., proves that the successfid production of electric 
power from lignite was q^uito possible, even under the pre-war 
conditions of competition, with power- derived from coal and 
water. 

Very few details of the works, or of the jrower plant, have 
been allowed to appear in pritrt. It is known, however, that 
the lignite is e.ut from the beds in which it is found by 
niecdianical cutters or shovels, is subjected to a certain 
amount, of air-drying, aird is their carried to the works by 
an aerial transporter system. No official figures Growing 
the acitual results obtained at the power-plant have been 
published. 

'iriie ZA'ichriJt, dav Vere,ine.s De/u4-ncher Ingetmure., however, 
in Eebrnary, 1!)98, published an illustrated description and 
tests of an installation of four tubular boiler's, with step- 
grates specially desigiusl for operation with lignite, and some 
details of this plant, may be given here, for no doubt it 
resembles that at Bitterfekl in many resjree.ts. Figs. 12 
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and 13 show a general view of the charging-floor of the boilers, 
and sectional elevations of the grate respectively. The latter, 
it will be seen, is sunk below the floor-level, and the lignite is 
.tipped directly into the charging hoppers f rom the tip-waggons 
in which it is brought into the boiler-house. A sliding door 
divided into three sections regulates the admission of the 
fuel to the grate of each furnace. The angle of the step-grate 
can be altered from the ground-level. The lower part of 



Pig. 13.—German type of Boiler Furnace for Lignite (Hcctional elevation). 


the grate is horizontal, and the combustion of the partially 
consumed fuel is completed on it. The ashes are then 
allowed to fall into enclosed ash boxes by drawing a horizontal 
damper. From these boxes they are discharged into small 
waggons running along the rails below the step-grate. The 
admission of air during the discharge of the ashes is pre¬ 
vented by this system of removal. The whole of the lower 
part of the step-grate is enclosed, and the admission of air 
to the grate is regulated by the levers which open or close the 
doors in front of the under-furnace space. The air required 
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for combustion is drawn through a system of pre-heating 
stoves. As the Uvse of the step-grate causes the gradual 
evolution of the gaseous matter of the fuel, little or no smoke 
is produced, and a secondary air supply, though provided 
for, is seldom required. Trials carried out with this boiler 
installation have shown efficiencies of between 67 and 69*7 
per cent, when using a fuel having the low heating value of 
2,721 kilo.-cals. (equal to 4,897 B.Th.U.). From 2*66 to 
3*01 lbs. of water were evaporated per lb. of fuel, and the 
rate varied from 15*5 to 20-0 kilos, per square metre (3*1 to 
4*1 lbs. per square foot) of heating surface. The waste gases 
contained from 16*1 to 17*2 per cent. COg, corresponding to 
an excess of air only 1-08 per cent, above that theoretically 
required. 

The successful exploitation of the lignite deposits at 
Bitterfeld has caused this previously unknown and unim¬ 
portant place to become a flourishing centre of the German 
electro-chemical and electro-metallurgical industries, and the 
rapid developments there prove that the products of electric 
power, generated by burning lignite under steam boilers, are 
quite capable of coropeting with those produced from electric 
power obtained in the more customary manner from coal. 

Passing on now to consider American practice and 
ex 2 )erience, Bulletin 89 of the U.S.A. Bureau of Mines, upon 

Economic Methods of Utilising Western Lignites,” by 
E. J. Babcock, contains some very useful information upon 
the correct methods of burning lignite for power generation. 
The author of this Bulletin states that'' The proper combus¬ 
tion of lignite depends largely upon using a size of coal that 
will give an abundant air-surface, but, in addition, a good 
draught should be so arranged that the air can be directed 
through the burning coal to the best advantage and can 
easily be controlled and closely shut down, when it is desired 
to hold the coal at a relatively low heat. The fire-box should 
be kept reasonably well filled, but the firing should be carried 
out frequently by the application of thin layers of fuel to 
the surface of the bed of hot lignite. The ash' and clinker 
should be removed carefully, and at sufficient rate to prevent 
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the accumulation of clinkers. Many firemen fail to get good 
results in the use of lignite because of uneven firing. The 
fire is allowed to run low, and then a large quantity of the 
lignite, much of it in large lumps and carrying a high per¬ 
centage of moisture, is introduced. The large addition 
immediately slackens the fire and materially reduces the 
temperature in the fire-box, and by the formation of con¬ 
siderable vapour reduces still further the tem2}erature of the 
gases, the heat from which should be left for boiler absorption. 
By such firing it is impossible to keep a uniform load with 
a high boiler efficiency, and much loss of fuel is experienced. 
By using coal of reasonably small size and firing in thin layers 
frequently, this difficulty is reduced to a minimum.” 

This view of the conditions required for the proj)er com¬ 
bustion of lignite is supported by the experience of the 
Hughes Electric Co., of Bismarck, N. Dakota, a firm which 
has been using the deposits of this fuel in Dakota as a boiler 
fuel for some years. According to C. L. Larsen, the chief 
engineer of this Company, in order to obtain a high efficiency 
with lignite it is necessary to maintain a high temperature 
in the boiler furnace, and the propoition of excess air must 
therefore be cut down to the lowest possible point. Mr. 
Larsen recommends for burning lignite ‘‘ a flat sawdust grate 
with I-inch round holes. Such grates contain only 15 j)er 
cent, air space, but by having small openings a higher air- 
pressure in the ash-pit can be maintained and the air passes 
through the small holes and through the bed of fuel at a 
greater velocity. This produces a high temperature in the 
furnace, and as the volume is small, the heat is not rushed 
through the boiler and up the smoke-stack, but is absorbed 
by the water in the boiler, and a low temperature in the 
smoke-stack is obtained.” 

^ Working under these conditions, he asserts that an 
evaporation of nearly 5 lbs. of water per lb. of fuel can be 
obtained from a lignite testing 35 per cent, moisture and 
6 per cent, ash, and showing only 7,000 B.Th.U. in the 
calorimeter. To obtain J^iuch an eva 2 )orative result, however, 
the boiler must not be pushed at all above its rated capacity, 







LIGNITE, BAGAS8E AND WOOD WASTE 41 

and only 3 lbs. of water can be evaporated per square foot of 
surface per hour. 

Another American contribution to the subject of lignite 
is that of Randall and Kreisinger (Bulletin 8 of the Bureau 
of Mines) upon The Use of North Dakota Lignites for 
Power-plant Boilers.'’ The conclusions arrived at by these 
two investigators were (1) that a large combustion chamber 
was necessary in order to obtain the best results, and (2) that 
the gases yielded by the lignites must be completely burned 
in this chamber and raised to the highest possible temperature 
before being allowed to come into contact with any of the 
water-cooled surfaces of the boiler. A Dutch-oven type of 
furnace was employed in this investigation, and the following 
is a description of the furnace and its method of operation :— 

“ The most striking features in the construction of the 
furnace are the deep-set grate and the contraction of the 
space between the bridge-wall and the end of the prolonged 
fire-brick arch. The furnace is designed to work on the gas- 
producer principle. The solid fuel is gasified on the grate, 
and the gas passes through the space under the arch into the 
combustion chamber, where most of the gaseous combustible 
burns. The necessary air for combustion is added through 
the openings in the bridge wall. This air is pre-heated to 
200° to 300° F. in coils, and forced into the furnace under 
a pressure of 0-5 to 1 inch of water. The grate is 
21 inches below the lower edge of the firing door. The 
object of this construction is to enable the fireman to carry 
a thick fuel bed, and still see its condition at the top. The 
side furnace-door used in removing clinkers is only 7 inches 
above the grate.” 

The grate was equipped, with rocking-bars to facilitate 
the removal of ash, and each grate-bar was supported by a 
2-inch pipe, through which cold air was circulated. The 
thermal efficiency of this type of furnace, when used for 
steam-raising with lignite, was from 55 to 58 per cent., and 
it is stated that no difficulty was experienced in working up 
to the full capacity of the boilers. North Dakota lignite 
has, in fact, been employed with this type of furnace at the 
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pumping plant of the United States Reclamation Service 
at Willaston, N.D,, with good results. ^ Fig. 14 shows sectional 
elevations of the boiler and furnace. 

(2) Bexquettiistg. 

The chief centre of the manufacture of lignite briquettes 
in Germany is at Horren, a small tpwn west of Cologne, the 
industry at that place having been developed within the 
last twenty-five years. According to C. A. Davis, who 
prepared a report upon the subject in 1913 for the U.S.A. 
Bureau of Mines, th^re are twenty-six factories producing 
lignite briquettes in the neighbourhood, and about 20,000 
metric tons were manufactured daily dtiHng the season of 
active production at that date. The mines are on the high 
terraces of a broad shallow valley, the strata of coal are from 
230 feet to 400 feet in thickness, and the lignite is brought 
to the various works by an overhead transporter system. 
This one district, in 1911, produced rather more than one- 
fourth of the total German output of lignite briquettes, the 
largest works having twenty-eight presses, and turning out 
about 1,600 metric tons of briquettes per day of twenty-four 
hours. The following description of the method of manu¬ 
facture, and of the plant at the most recently erected works, 
is taken from the report referred to above. The brown coal 
as mined contains GO per cent, moisture, and, when dried, 
is dark brown in colour, and easily powdered. The coal on 
delivery at the briquette factory of the Gewerkschaft 
‘‘ Kohlenquelle ” is first crushed and screened, and is then 
dried in four Schulz driers, each with a capacity of 70 metric 
tons per twenty-four hours. Each drier consists of a large 
cylinder of boiler-iron 23 feet in length and 10 feet in diameter, 
mounted on trunnions, with the main axis inclined about 
7 degrees from the horizontal. Inside the outer drum or 
shell of the drier is a second drum fitted with 366 tubes, each 
about 4 inches in diameter* The exhaust steam from the 
engines is admitted to the space around the tubes, under a 
pressure of three atmospheres, through valves in the trun¬ 
nions that support the drier. The moist powdered material 
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is fed coiistanily froiii the storage pockets into the tubes by 
tru^aos of s|)iral (conveyers, and the j*ate at which it passes 
through them is regulated according to its moisture content. 

'I'o r'educo tiO per cent, moisture down to 15 per cent, 
requires the fuel to be three-quarters of an hour in passing 
through the dr’ier. The steam from the lignite is forced 
through a cycilonc^ (diambcr by means of fans before being 
turned into the atmosphere through the escape flues. By 
this plan the dust, amounting to 3 per cent, of the total 
material dried, is collected from the escaping steam, and is 
added to the material to be briquetted. The air in all parts 
of the factory building is practically free from floating dust, 
because the dried brown coal is handled entirely in closed 
conveyers, and is not at any point permitted to escape into 
the factory. In this way all danger of dust explosions, which 
in early types of such plants were not infrequent, has been 
eliminated. The cost of the whole process of drying is about 
70 pfennige (or 8‘5(^.) per ton of product. 

The briquetting portion of the plant consists of five 
compound three-cylinder horizontal engines, directly con¬ 
nected with open-mould plunger presses. The cross-section 
of the plunger and mould of this type of press is lozenge- 
shaped, and in the single presses is about 7 inches long by 
2J inches wide. The long axis of the mould is horizontal in 
the press—in the double presses the moulds are placed side 
by side, so that the two briquettes formed at each stroke of 
the plungers issue from the press end to end. The powdered 
brown coal, containing about 15 per cent, moisture, is fed into 
the mould from hoppers, and is subjected to a pressure of 
from 18,000 to 22,500 lbs. per square inch. A pressure 
equivalent to 300,000 to 400,000 lbs. is exerted therefore on 
each briquette. The press forms or plates that form the 
moulds of the briquette presses are made of hardened steel, 
and are changed when they become so worn that the plunger 
no longer fits the mould well enough to make good briquettes. 
The chief cause of the wear is the sand, or other mineral 
matter, contained in the powdered raw material. The time 
that these plates last varies from three days to about four 
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weeks, according to the amount of mineral matter present. 
The briquettes weigh about 1 lb. eacJx. No pitch or binding 
material of any sort is used in manufacturing them ; the 
tarry matter liberated from the brown coal by the heat 
developed in compressing the material serves this purpose. 
The briquette presses are jacketed and water-cooled. A 
single press has a capacity of about 70 metric tons of bri¬ 
quettes per twenty-four hours, and requires 120 H.P. A 
double press takes 200 H.P. The power for driving the 
plant is obtained from a battery of eight boilers fired entirely 
by brown coal as mined, and containing 60 per cent, moisture. 
The boilers together furnish 750 H.P., and supply steam to 
the engines at a pressure of 180 lbs. In addition to the 
boilers there is a superheater, in which the steam for the 
driers is superheated to 300® C. One car load out of three of 
the brown coal brought to the plant from the mine is sent 
directly to the feed-hoppers of the boilers. From these 
hoppers the material is fed by mechanical stokers to the fires, 
and is burned on step-grates. Each boiler has about 1,300 
square feet of heating surface, 270 square feet of superheater 
area, and 65 square feet of grate area. Only three men are 
required to attend to the entire battery of eight boilers, 
one to keep the feed-hoppers filled, shift and empty cars, etc., 
the two others to attend to the stokers and grates. The 
briquettes fetch Ss. per ton at the factory ; the retail selling 
price at Cologne in 1913 was ll5. per metric ton. 

As regards American experience, the U.S.A. Bureau of 
Mines, in 1908 to 1910, carried out some valuable experi¬ 
mental work with the lignites found in North Dakota, Texas 
and California, in order to ascertain whether the methods 
and forms of briquetting press used in Germany, and 
described above, could be applied with success to these 
American lignites. 

The results of this inquiry are recorded in Bulletin 14/ 
and although the investigation was not completed, sufficient 
testing had been carried out to prove that many of the 
American lignites have as high a thermal value as the German 

^ “ Briquetting Tests of Lignite at Pittsburg, Pa.,” by C. L. Wright. 
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ones, and that they can be briquetted upon a commercial 
scale without the use of any binding material. It has also 
been proved that, contrary to the generally held opinion, 
lignites that have been slaked by exposure to atmospheric 
influences can still be briquetted without a binder. Cohesion 
and weather tests, which were made with raw lignite and 
with the finished briquettes, showed that the latter were the 
superior in resistance to handling and also to weather 
influences. 

With regard to practical developments in America, one 
of the American technical journals ^ has published a descrip¬ 
tion of a plant erected in 1915 at Denver, Colorado, for the 
commercial production of briquettes and the recovery of 
valuable by-products from lignite. The fuel is subjected 
first to dry distillation in order to obtain gas, light oils, 
ammonium sulphate, creosote and pitch, while the residue 
of coke left in the retorts is finally briquetted with the aid 
of binding materials. The ovens or retorts at this plant are 
designed to take 10-ton charges, and the heating period lasts 
two hours at a temperature of 500° C. The yield of by¬ 
products at this temperature per ton of raw lignite is stated 
to be as follows :—Gas, 10,000 cubic feet; tar oil, 13 gallons ; 
ammonium sulphate, 2*5 lbs. The pitch, and some other 
binding material, are employed for briquetting the residue 
left after the distillation is completed, and the briquettes, or 
carbonets,'' as they are called locally, have the following 
composition :—Moisture, 1*34 per cent. ; volatile matter, 
7‘60 per cent. ; ash, 7-02 per cent. ; fixed carbon, 84-04 per 
cent. ; calorific value, 14,061 B.Th.U. They withstand 
unfavourable weather conditions and rough handling very 
satisfactorily, and also retain their form when burned, until 
they are practically all consumed. The Denver Works, as 
originally planned, were designed for the treatment of 
500 tons of raw lignite per day, and the briquetting plant 
for an output of 25 tons an hour. 

The details of this method of treating the Colorado lignites 
were worked out in the laboratory before the works at 
^ Coal A get April 16th, 1916. 
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Denver were designed or erected, and it is hoped that the 
very careful preliminary study made of all the scientific 
data will lead to the foundation of a new and flourishing local 
industry. 

(3) Distillation and Recoveey of By-products. 

A lignite suitable for low temperature distillation is 
characterised by a high content of bituminous matter. In 
the absence of this bitumen the fuel is not adapted for the 
retort process, and is only suitable for direct burning, by 
either of the methods described in Sections (1) and (2) of this 
article. One can distinguish roughly between the two classes 
of lignite by observing closely the changes that occur on 
heating, and by comparing the specific gravities of the 
samples. Lignites suitable for subjection to the distillation 
or retort process melt or soften before ignition and burn 
with a smoky flame ; they also possess a specific gravity 
between 0-90 and MO, whereas the lignites suitable for direct 
burning do not soften or melt on heating, and have a specific 
gravity of 1-2 to 1*4. 

The distillation of lignite is carried on in Germany at two 
centres, namely, at Halle, in Saxony, and at Messel, near 
Darmstadt. Steuart,^ in a paper read before the Edinburgh 
section of the Society of Chemical Industry, in January, 1917, 
has given a full account of the process as carried out at these 
two centres, and has described the methods and apparatus 
used for the recovery of the by-products. The latter consist 
of crude oil, containing various hydrocarbons of the paraffin 
and aromatic series, paraffin wax, and a coke testing about 
12,600 B.Th.U. The yield of crude oil at Halle is about 
18 gallons per ton of lignite, and in that district there are 
twelve works which distil one million tons of brown coal per 
annum, and produce 60,000 tons of crude oil and 7,000 tons 
of paraffin wax. At Messel the crude oil is distilled from the 
lignite in the presence of steam, and the coke that remains in 
the retorts is dropped directly into gas-producers below. 
Vertical retorts (covered by German Patent 200,602, of 

' ^ Journal Soc. Chem. Industry, Febmary 28th., 1917. 
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May, 1906) are employed, and are worked continuously, the 
brown coal being fed into the retort from a hopper closed by 
a valve. In the upper part of the retort the lignite is dried ; 
the steam produced there is drawn off by an electrically- 
driven fan. Part of this steam is re-introduced into the 
retort lower down, in order to keep the temperature at the 
required low limit, the remainder is used for the gas-producer, 
which is worked with the coke residue from the retort process. 
The laboratory distillation of the lignite used at Messel yields 
44 per cent, moisture, 7-8 per cent, crude oil, 6-2 per cent, 
gas, and 36 per cent, of coke ; but the latter, as already 
explained, is used for gas production, and no marketable 
coke is made. The actual yield of crude oil is about 19 
gallons per ton of lignite, and the final products, obtained by^ 
distillation of the crude oils, are -benzine, solar oil, pale 
vaseline oil, fat oil, solar scale, red oil, heavy vaseline oil, 
and paraffin wax. 

In America the only distillation works of which full details 
have been published are those referred to above—as estab¬ 
lished at Denver, in Colorado, in 1915, for the production of 
briquettes and by-products from the Colorado lignites. The 
ovens or retorts here are 36 feet long by 9 feet high by 
18 inches wide ; the charging period is 2^ hours, and the 
temperature limit is 500^ C. The average yield is 10,000 
cubic feet of gas, 13 gallons of tar oils, and lbs. ammonia 
sulphate. The gas is used for heating the ovens and also 
for steam generation, in order to supply the plant with the 
necessary electric power ; the crude oil is distilled and is 
separated into light oils, heavy oils and pitch. At tempera¬ 
tures up to 150'" C., 10 to 14 per cent, of the crude oil passes 
over to the light oils storage tank, and between 150° C. and 
325° C. the heavy creosote oils—^which form about 68 per 
cent, of the total oil—are distilled. The manufacture of 
briquettes from the lignite coke has already been referred to 
under Briquetting,” and it is only necessary to add that 
the works were planned by Mr. C. O. Hoover, of Denver, 
and that they are owned by the American Coal Refining Co. 

A large amount of experimental work upon the distillation 

W.F. 
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of North Dakota lignites has been carried out at Grand Forks 
by the staff of the College of Mining and Engineering of 
North Dakota, where a specially designed briquetting and 
gas-making plant has been erected for the purpose of studying 
the utilisation of these lignites. The details and results of 
the investigation are given iii Bulletin 89 of the U.S.A. 
Bureau of Mines,^ and the following paragraphs from this 
report summarise the conclusions arrived at :— 

'' From the results obtained by the methods being deve¬ 
loped at the School of Mines, and the substation of the 
University of North Dakota, there seems little doubt that 
the briquetting and the production of. gas from lignite can 
in the near future be put on a commercially satisfactory basis. 
Because of the ease with which the gas is produced, the low 
price of the original lignite, the value of the residue, and the 
low price for which it could be sold, if manufactured in a 
plant used to produce briquettes from the residue, the lignite 
gas should have a large commercial utilisation for heating, 
lighting, and power purposes. . . . One ton of the air-dried 
lignite will produce from a half to two-thirds of a ton of 
briquettes, in addition to 8,000 or 10,000 cubic feet of gas. 
The briquettes have about twelve-thirteenths the actual 
heating value of hard coal, and they can be shipped for 
considerable distances and still prove profitable. . . . No 
detailed statements of the cost of operating a large com¬ 
mercial plant are given in this Report, for the reason that 
the cost per ton of briquettes and per 1,000 feet of gas and 
other by-products will depend upon a large number of factors, 
any one of which may materially affect the cost. ... In 
general the larger the plant and the more complete the saving 
of by-products, the smaller will be the cost of production. 
It is believed that in a carefully constructed and operated 
plant the saving and utilisation of the various by-products 
tv^ill so reduce the cost of operation as to make the industry 
commercially practical and profitable. All of the data 
obtained from the investigations and the operation of the 
experimental plant indicate that a plant of fair capacity, 
1 “ Economic Methods of Utilising Western Lignites,” by E. J. Babcock. 
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if HO couHtructed as to economise in the original cost, as well 
as in the coat of operation, and if operated efficiently and 
under careful management, should turn out excellent 
commercial products at a cost that would admit of a fair 
profit/' 

This Bulletin contains a full account of all the experimental 
work carried out in order to determine the best conditions 
for the gasification of lignite. The relation between the 
moisture contents of the raw lignite and the yield and 
thermal value of the evolved gas was closely studied, and the 
effects of temperature variations were also examined and 
tabulated. 

l?he statement below, prepared fi’om the figures presented 
in the Bulletin, shows the average results of the gasification 
tests made in this experimental plant, with twenty-five 
representative samples of United States lignites. 


Yield per to a. 
11,038 cubic feet 

Yield per ton. 
1,092 lbs. 


Gas. 

Cal. value per 
cubic ft. 

396 B.Th.U. .. 

Coke. 

Cal. value. 

11,838 B.TLU. .. 


Percentage 

Composition. 

40-1 H; 20-09 CO; 
15-31 CHi; 10-48 
CO 2 ; 9-98 N. 


Percentage 

Composition. 

75-62 C; 7-57 Vol. 
matters; 15-91 

asb ; 1-98 S; 1-00 
HaO. 


(4) Gasification without Ebcovbry op By-pbooucts. 

The fact that many lignites are too poor in their contents 
of bituminous matter to render distillation profitable, 
accounts for some of the past failures that have occurred 
with plants erected for that purpose. Lignites of this type, 
however, are quite suitable for gasification, without attempt¬ 
ing the recovery of the tar or ammonia, and there are many 
places where gas-producers of the type designed for use with 
bituminous fuel would prove of great value in coimection 

K 2 
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with the utilisation of lignite deposits. Small plants of this 
kind are quite .as efficient as large ones, for there is no 
necessity to design the plant on the large scale that is required 
for successful by-product recovery. Whether the gas ob¬ 
tained from these lignite gasification plants would be best 
used to raise steam, or for direct power production in gas 
engines would depend upon local conditions and require¬ 
ments. 

In New Zealand, it may be noted, the use of lignite 
producer-gas for power production is quite common in the 
electric power stations, and the natural moisture contents 
of the raw lignite renders it quite possible to work the 
producers without steam. Producers of this type, in which 
the upper part is used as a gas retort and the lower part as 
an ordinary producer, have been designed by Ziegler, 
Zwingenberger, and others, and have been employed for peat 
and lignite gasification with success in Germany and Austria. 

Bagasse: Chemical and Physical Propebties. 

Bagasse ” is the technical name for the tough fibre that 
is left after milling sugar-cane for extraction of the sugar. 
The proportion of combustible matter in this residue varies 
considerably in different districts, ranging from 35 to 60 per 
cent., while the water contents and ash make up the balance 
of 40 to 65 per cent. In Louisiana the average composition 
is as follows :—Fibre, 40 per cent. ; sucrose and other sugars, 
7 per cent. ; moisture, 53 per cent. The heat value of dry 
bagasse is found by experiment to be 8,300 B.Th.U. The 
proportion of the total heat which can be rendered available 
in practice for power generation depends upon the percentage 
of water which remains in the bagasse when burned. Accord¬ 
ing to Freeland,^ the average Louisiana product has a 
calorific value of about 8,300 B.Th.U. per lb. of dry bagasse, 
and from 3,620 B.Th.U. gross (with bagasse containing 
56*7 per cent, moisture) to 4,800 B.Th.U. (containing 42*8 
per cent, moisture). The net heating values are respectively 

^ Journal American Society Mechanical Engineers, November, 1917, and 
Power, December 4th, 1917. 
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2,200 and 3,350 B.Th.U., and 1 lb. of wet bagasse will 
evaporate from 2 to lbs. of water from and at 212*^ F. 

Professor Kerr found that at a certain Louisiana sugar- 
house the bagasse from 1 ton of cane generated from 1-16 to 
1*44 boiler H.P. * The bagasse from a 1,000-ton house will 
generate, therefore, a total of 1,160 to 1,440 B.H.P. hours 
per twenty-four hours, and it would require about 60 tons 
of coal per day to do the same work. Professor Kerr 
further stated that in Louisiana 16 per cent, of the total 
heat generated by the combustion of 1 lb. of bagasse was 
required to evaporate the moisture present in the bagasse’ 
As about 14|^ per cent, of the moisture in bagasse could be 
removed by drying, the dry fuel had a heating value 55 per 
cent, greater than the wet. For this reason the methods of 
burning bagasse are now being improved, and in the larger 
sugar-cane factories of Cuba and Hawaii it is subjected to a 
preliminary drying before entering the combustion area of 
the grate. 


Methods oe Burning Bagasse. 

The grate surface must be small in furnaces intended for 
burning the waste sugar-cane since the rate of combustion 
is high, rising at times to 300 lbs*, per square foot of grate 
surface per hour. In some of the recently installed 500 H.P. 
boilers the grate area is only 25 square feet, whereas a 
coal-fired boiler would require quite three times that area 
for the satisfactory combustion of the same equivalent 
weight of fuel. In other respects the grates and methods 
used resemble those employed for coal with high volatile 
matter contents. Mechanical stokers are also now being 
tried, since with stokers of the coking type the bagasse can 
be subjected to a preliminary drying, and its heat value 
improved before actual combustion occurs. When used 
with these stokers the fuel is spread out upon the front 
portion of the stoker, and the rate of feed is regulated so as 
to obtain the maximum heating effect. Furnaces of the 
step-grate type are also being used in some of the more 
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up-to-date sugar mills, for the air supply is more easily 
controlled with this type of grate. 

Wood and Saw-mill Refuse. 

Saw-mill refuse is one of the staple fuels for steam-power 
plants in certain of the timber-felling districts of the United 
States, Canada and Australia, and in Europe a considerable 
amount of power is developed from the wood-shavings and 
refuse produced by the wood-working factories, where boxes 
and packing-cases are made by machinery on a large scale. 
The waste material produced in these mills and factories 
may be burned, either directly under steam boilers, or it 
may be gasified in producers, and the gas employed in gas 
engines. 

As examples of the type of furnace used in U.SA. and 
Canada for burning saw-mill refuse under steam boilers, the 
equipment at the plant of the Portland (Oregon) General 
Electric Co., and at the Rockwell Manufacturing Co., New 
York, may be cited. 

The boilers at the former plant are provided with external 
furnaces of the Dutch-oven type. These furnaces are 
provided with charging-holes, into which the sawdust and 
wood-waste are tipped from the conveyers which transport 
them from the timber yards of the surrounding locality, and 
the Dutch-ovens are kept completely filled in order to prevent 
air leakage. The two generating stations of the company 
in Portland equipped with this type of Wood-burning plant 
consume 100 to 150 box loads of refuse (equivalent to 
20,625 cubic feet) per day of twenty-four hours, and the 
average evaporation attained is 10,500 lbs. water per 
200 cubic feet of cut fuel. Assuming that 1 cubic foot of the 
refuse weighs 15 lbs., this equals an evaporation of 3*5 lbs. 
water per lb. of wood, which is quite a good result under 
the circumstances. The calorific" value of wood varies from 
8,300 B.Th.U. to 9,000 B.Th.U., and its maximum evapora¬ 
tive value in practice is 5 lbs. water per lb. of fuel. 

At the Rockwell Manufacturing Co.’s plant there are two 
125-H.P. horizontal tubular boilers installed, each 66 inches 
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by 18 feet, with 1,250 square feet of heating surface, and 
working at 150 lbs. steam pressure. A blower fan system 
of collection for the wood-working waste is used in order to 
collect and transport it to the boiler room. From the 
storage place on the boiler-room roof the waste fuel falls by 
gravity into the shutes that carry it to the furnaces. The 
cost of generating the kilowatt-hour at this plant is 0*79 
cent, but no figures are available to show the evaporation 
obtained per lb. of wood refuse. 

An English plant for burning waste from joiners’ shops 
and saw mills is illustrated in Fig. 15, and was designed 
and erected by Meldrums, Ltd. The equipment consists 
of a destructor with three grates, provided with both top 
and front feeding arrangements, and a marine-type three- 
flued boiler, having 2,500 square feet of heating surface. 
The grates of the furnace are of the makers’ standard type 
for destructors, each of 25 square feet area, and forced 
fan-draught is employed for burning the refuse. The plant 
was guaranteed to burn 40 tons of refuse per twenty-four 
hours, but this limit has been largely exceeded. The 
following are the more important figures of a test run of six 
hours with the plant, in May, 1918 :— 


Fuel consumed . 

„ „ per hour 

Water evaporated 


29,456 lbs. 
5,123 „ 
6,800 gallons 


,, ,, per hour. . . . 1,182 „ 

,, ,, per lb. fuel ... 2*3 lbs. 

,, „ from and at 212° F. . . 2*6 ,, 

Average steam pressure . . . . . 85 ,, 


The waste consumed in this test consisted of shavings and 
scrap timber, etc., from the saw-mills and joiners’ shops, 
with ashes, tar and other refuse from the gas-producer plant, 
and also general works’ refuse. 

As regards the gasification of wood-refuse, Fernald, in the 
Bureau of Mines paper referred to below,^ describes and 
illustrates two forms of gas-producer specially designed for 
use with this class of refuse. Figs. 16 and 17 show the plan 
and lay-out of an up-draught and down-draught producer, 


^ Technical Paper, No. 123, 1915. 
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respectively. When wood-tar is in^ demand and the price 
is goodj it is no doubt the better system to extract the tar 
by cooling and scrubbing the gas before it is used for power 
generation purposes, and in this case an up-draught producer 
ts the type required (see Fig. 16). In many cases, however, 
especially where the plant is far removed .from centres of 
population and industry, the tar, if recovered, would not 
command a remunerative price, and in these cases a down¬ 
draught producer, which decomposes and converts into 
carbonic oxide and hydrogen gas the constituents of the tar, 
is the most satisfactory and economical (see Fig. 17). The 
amount of tar recoverable, of course, varies greatly with the 
character of the wood refuse and the temperature at which 
the producer is worked, and the lattea* is generally governed 
by the percentage of moisture present in the wood when 
charged into the producer. A producer using maple, pine, 
spruce and pitch-pine refuse, yielded 60 gallons of tar per 
ten hours shift, the gas obtained being employed to generate 
180 H.P. and the fuel consumption being 3| lbs. wood-refuse 
per H.P. hour. 

The most interesting American development of a waste- 
wood gas-producer for power generation, however, is that 
described by Trump in the issue of Power ^ named below, 
since the gas, in this case, was being used for the first 
Humphreys type of pump that has been erected and worked 
in the United States. A 300 H.P. down-draught wood gas- 
producer of the Akerlund type has been installed on the 
* S. Bedell Moore Estate at Del Rio, Texas, and the material 
gasified is the mesquite ” wood obtained by clearing the 
land which this Humphreys pump is to irrigate. The 
following figures were obtained in a test run with this 
producer and pump ;— 

Gas generated per lb. of wood . 54’7 cubic feet. 

Heat value of gas . . . . 114*5 B.Th.U. per 

cubic foot. 

Wood used per H.P. hour . . 1*76 lbs. 

Wood consumed per square foot of 

grate area .... 20*8 

^ Power, December 1st, 1914, p. 767. 
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The Humphreys pump, of course, stands in a class alone, 
and the efficiency obtained in this case is higher than with 
the ordinary type of gas engine. There are, however, many 
forms of vegetable and wood-waste which might be used 
profital;>ly for power generation, if first gasified. 

According to Fernald,^ manufacturers are now designing 
producers' specially for gasifying the waste fuels of this type, 
and with reasonably dry raw material for feeding the pro- 



Fra. 17.—Down-draught Cas-Producer for Wood-Befuae and similar Fuels. 

ducers the consumption of wood has been reduced to 2 lbs. 
per B.H.P. hour, as generated by the gas engine. The 
figures for the best results yet attained with these various 
kinds of wood-waste, when gasified in producers and the 
gas used in gas engines, running at full load, are as follows 


Box blocks ..... 

. 2-15 lbs. 

Mulga scrub . . . 

. 2-30 „ 

Pine shavings and blocks . 

• 2-31 „ 

Jarrah wood, sawdust and shavings 

• 2-40 „ 

Spent tan bark (dry) .... 

• 3-13 „ 

Sawdust ...... 

. 3-50 „ 

Spent tan bark (wet) . . 

. 4-50 „ 


1 U.S.A. Bureau of Mines. Technical Paper, No. 123 : “ Note on the Use 
of Low-grade Fuels in Europe.’’ 








CHAPTER IV 


COKE AND COKE-BREEZE 

The War has altered many old-established maxims in 
our industrial and economic life, and amongst the time- 
honoured beliefs that have been thrown overboard is the 
idea that coke and coke-breeze are unsuitable fuels for steam 
generation. The difficulties of burning coke or coke-breeze 
in the ordinary type of boiler furnace, provided only with 
natural chimney draught, had, of course, something to do 
with the existence of this idea. Every different type of fuel, 
however, requires special conditions for its complete com¬ 
bustion under steam boilers with efficient use of the heat 
generated. The fact that coke and coke-breeze could not 
be burned satisfactorily in furnaces designed and primarily 
intended for the combustion of bituminous coal, was no 
proof that they could not be completely burned with high 
efficiencies under proper conditions, namely, those suited 
for fuels high in ash and fixed carbon, but low in their 
percentage of volatile matter. 

The more careful study of the problems of fuel combustion 
in recent years has shown that practically every variety and 
type of combustible material can be burned, and its heat 
value converted into the thermal energy of steam, provided 
that the combustible matter exceeds 65 per cent., and that 
the furnace is correctly designed and the air-supply properly 
distributed and proportioned to the needs of the fuel. 
Materials which have for many years been regarded as waste 
trade products are now being impressed into the service of 
the steam producer, and the combustion of coke and coke- 
breeze is in reality a much simpler problem than the burning 
of “ towns’ refuse,” or of '' bagasse ” and other vegetable 
wastes for power purposes. But the technical side of the 
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problem is o^ily one as])ect of it, and Oie relative price of 
coal and coke in the past has also had much to do with the 
neglect of the latter as a fuel for steam boilers. The War 
has led to a considerable increase in the demand and in the 
price paid for coal, while the production of coke has been 
enormously increased, owing to the great demand for benzol, 
toluol, and other valuable by-jnoducts of the distillation of 
coal. In many coal and coke-producing districts, therefore, 
the price of coke and coke-l)reeze has remained steady or 
has actually fallen, while that of coal has increased, and the 
relative values of coal and coke have been altered in favour 
of the latter fuel. It is highly probable that this altered 
economic relationship will contimxe now the War is over, for 
the increase in the labour charges of mines and railways is 
likely to be permanent, and coal will remain at its present 
high level of cost for many years to come. 

The Chemtoal Constitution and Calorific Value of 
Coke and Coke-breeze. 

Coke, of course, represents the non-volatile portion of 
ordinary coal after this has been subjected to heat in the 
absence of air, and it may be regarded , therefore, as containing 
only the fixed carbon and the mineral matter, or ash, of the 
original fuel. Nearly all forms of coke contain, however, 
a small amount, varying from l-O up to 5*0 per cent., of 
volatile matter, due to the incompleteness of the coking 
process ; the jicrcentage being lowest in the hard cokes 
produced by the high temperature ovens for blast furnace 
work. The soft porous cokes obtained by low temperature 
distillation, as, for example, coalite,’’ contain, on the other 
hand, from 5 to 10 per cent, of volatile matter, and do not 
come within the scope of the present article. Coke-breeze 
represents the screenings from the lump coke after this has 
been drawn from the I'ctorts and has been quenched by 
water and crushed to the various sizes required for the 
market. It contains, as a general rule, a higher percentage 
of ash and moisture than the lump coke from which it has 
been obtained. From the steam-raisers’ point of view, 



60 WASTE FUELS FOR POWER GENERATION 

therefore, the chief imjiurities of these forms of fuel are the 
moisture and ash. 

The Moisture in Coke and its Efeect upon Combustion. 

Both coke and coke-breeze contain considerable per¬ 
centages of mechanically held moisture, due to their physical 
structure and to the methods of cooling adopted in their 
manufacture by quenching with cold water. Contracts for 
either form of fuel should therefore specify a limit of 6 per 
cent, for the allowable amount of this impurity. The 
disadvantage of using coke or coke-breeze with higher 
percentages of moisture than 6 per cent, is, that this water 
has aU to be converted into steam and driven off before the 
coke can be ignited, and since it escapes in the form of 
aqueous vapour with the waste gases, it carries off a large 
amount of latent heat, which cannot be recovered even in the 
economisers. Experimental steam-raising trials of coke and 
coke-breeze containing varying degrees of moisture, at the 
Buenos Aires Tramway Power Station, proved that a 10 per 
cent, rise in moisture caused a 24 per cent, increase in the 
fuel bill. 

The Ash in Coke. 

The ash in coke and coke-breeze varies greatly, since it 
represents all the mineral matter of the original fuel in a more 
concentrated form, and if this original fuel has been a 
bituminous slack, or coal of poor quality, the ash percentage 
in the coke or coke-breeze may rise to 20 or even 30 per cent. 
Lump coke of good quality, however, should not contain 
more than 6 to 10 per cent, of ash, and contracts should 
have the latter limit inserted as the maximum allowable 
percentage. Coke-breeze will naturally contain a higher 
percentage of ash, and up to 20 per cent, may be expected 
to occur in the deliveries of this form of fuel. Should this 
limit be exceeded, the breeze should be rejected, for a fuel 
containing over 20 per cent, ash, and over 10 per cent, 
moisture, will not yield much heat of practical value for 
power purposes, when burned under steam boilers. The 
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following are typical analyses of coke-breeze, with figures for 
the gross and net calorific values, as determined by laboratory 
‘methods. It may be noted here that the calorimeter 
determinations of coke and coke-breeze will always yield 
considerably higher values than can be obtained in practice, 
owing to the fact that they are tested in the dry state. The 
necessary deduction that must l)e made for the heat lost in 
drying the fuel is shown in column 4 below, and is arrived at 
by calculating the thermal xinits required to convert into 
steam the water contained in 1 lb. of the fuel as fired. 


Tests of Goke-bbeeze. 


Per cent, 
moisture. 

Per cent, 
a ah. 

Per cent, 
volatile. 

Lossch 

through 

moisture 

in 

B.Th.U.’s. 

Calorific Value. 

Net, 

B.Th.U.’s. 

Gross, 

B.Th.U.’s. 

19-43 

22-16 

5-07 

2,468 

9,053 

11,521 

16-92 

2M6 

2-50 

1,751 

9,743 

11,494 

12-50 

26-62 

5-63 

1,493 

9,695 

11,188 


The Conditions of Combustion and Forms of Grate 

Required. 

Idle above analyses prove that coke and coke-breeze 
(jontain larger amounts of moisture and ash than ordinary 
coal, and that the percentage of fixed carbon in the combus- 
tible‘portion of the fuel, when allowance is made for this high 
ash percentage, approaches that of anthracite. The cori- 
clitionB required for the successful combustion and utilisation 
of the heat generated by coke and coke-breeze are therefore 
similar to- those obtaining with anthracite fuel, and are :— 
(1) Artificial or forced draught ; (2) close approximation of 
the heat-absorbing surface to the glowing mass of fuel, and 
(3) facilities for dealing with the large amount of clinker and 
ash. As the volume.of hydrocarbon gas given off by the 
fuel is comparatively small, the need for large combustion 
spaces and for the supply of secondary air is non-existent. 
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the conversion of the carbon into carbon-dioxide gas occur¬ 
ring chiefly on the bars of the grate. 

For these reasons the marine, Lancashire, or Cornish type 
of boiler is more suitable than the water-tube boiler for 
burning coke and coke-breeze, and very little adaptation of 

____ the ordinary internally- 

fired boiler furnace is 
required to fit it for use 
d with the new fuel. 

desired to burn 

\ \^ the coke or breeze on 

\ \ some form of mechanical 

\A iI 1 stoker under a water-tube 

boiler, it is necessary to 

Vs_ mix it with ordinary fuel. 

_ :rz- In 'the last portion of 

this chapter some figures 

; are given showing the 

^y\ I ^ [11 economy of this method 

\ \ burning. 

q;'he maximum propor- 

tion of coke which can 

i'( be burned in this way, 

__ however, is 50 per cent,, 

--and where it is necessary 

oi: desirable to exceed this 

proportion, the grate and 

--- conditions of d r a u g h t 

Fig. 18.— Nicoi&‘Schofield’s“Sandwich” must be altered to meet 
Feed for Boilers- ,, . ’ 

the new requirements. 

For use either alone or mixed with bituminous coal the coke 
must be broken to small lump size—say, 1 inch to 1| inch 
cubes—by special cutters, and a fire-bed of not more than 
6 inches to 8 inches thickness should be maintained. 

When burning a ’inixture of coal and coke, or coal and 
breeze, it is very important that the fuel should lx; Wi'll 
mixed, and in the case of lump fuel that the cubes should be 
similar in size. 


Nicol &‘Schofield’s ‘ 
Feed for Boilers. 


Sandwich ’ 
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A method of burning the mixed fuels upon chain-grate 
stokers has been patented by Messrs. Nicol & Schofield 
(Pat. 118,979 of 1918), and is known as the “Sandwich ” 
system. Fig. 18 shows diagrams of the apparatus, and 



Fro. 19.—Nicol & Schofield’s Sandwich” Feed. 


Fig. 19 shows its application to the boilers of an impor¬ 
tant London power station. As shown in the Figures, the 
method consists in adding one or more auxiliary hoppers to 
the usual equipment of the chain-grate stoker, the main 
supply of fuel being provided by the hopper marked d,” 
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and the auxiliary supply by the hoppers marked ” 
and The main or inner hopper then delivers a layer 

of bituminous or flame-producing fuel on the top of the coke 
or coke-breeze which is fed on to the grate by the auxiliary 
or outer hopper, and the relative amount of the two fuels 
can be regulated at will by regulation of the feed slides. 
The arrangement has been used with success for burning 
mixtures containing 50 per cent, of coke under natural 
draught, and the following are comparative figures showing 
the results obtained at one of the Pumping Stations of the 
London Hydraulic Power Co. :— 



Teat No. 1. 

Coal and Coke. 

Teat No. 2. 

Coal only. 

Calorific value as fired 

Fuel consumed per square foot 

11.138 B.Th.U. 

12,160 B.Th.lJ. 

per hour .... 

30*66 lbs. 

31-66 lbs. 

Ash and clinker, actual . 

16*22 per cent. 

12*7 per cent. 

Average steam pressure . 

178 lbs. 

179 lbs. 

Super-heat temperature . 

486° F. 

490° F. 

Temperature at boiler damper . 

565° F. 

568° F. 

Water evaporated per hour 

Water evaporated per hour per 

10,505 lbs. 

8,747 lbs. 

square foot of heating surface 
Water evaporated per lb. of fuel 

5-22 lbs. 

4-35 lbs. 

as fired, from feed temperature 
Water evaporated from and at 

7-18 lbs. 

6'76 lbs. 

212° F. . 

Efficiency, boiler and super¬ 

9-22 lbs. 

7-44 lbs. 

heater . 

EfiB.ciency, boiler with econo¬ 

69-9 per cent. 

63-12 per cent. 

miser ..... 

79-96 per cent. 

60-98 per cent. 

Draught over fire . 

i 

•25 inches 

•26 inches. 


Since coke is not readily ignited except by contact with 
glowing carbon, the fires must be started with ordinary 
bituminous coal, and when the volatile gases have distilled 
off, and only red-hot embers remain on the grate-bars, the 
firing with coke can commence. 

No hydrocarbon gases are evolved from coke on heating ; 
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the air adtiiissioii in therefore entirely fj’oin below the grate, 
and all openingw and grids by wdiich secondary air has Ireen 
admitted above the fuel or behind the biidge should be closed. 
As coke occupies twice the space of ordinary coal, weight for 
weight, and its calorific value is some 10 per cent, less, it 



Fio. 20. -Nicol’s steam-jet Forced Draught Apparatus for burning Coke. 

follows that rather more than twice the bulk of coke must 
be burned on the same grate area in order to obtain the same 
evaporative effect. This rate of combustion demands in 
most cases closed ashpits and forced draught. ’ 

Fig. 20 shows a form of steam-jet forced draught apparatus 
designed specially by E. W. L. Nicol, of the London Coke 
Committee, for burning coke on the grates of an ordinary 
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Lancashire boiler. Tlie l)l()wers mv (‘asily (k^ta(^h(‘(l and 
are thus removable from oik'. boiku* to another as occasion 
demands. Witli this ap})aratus (‘.ok(’'d)i’(‘eze cum be bunuKl 
alone, with satisfae.tory r(>sults. 

If breeze and lum]) coke ai*e bc^ing buriUHl togetlier, it is 
well to have transverse bars insU^ad of longitudinal ones 
since these check the liability of the line ash from the breeze 
to be carried away into the si(k‘. Hues of tlu^ boikvr. When 
transverse bars are us(‘d in tlu^ furruntc^ lu)wcw(n% they must 
be bedded at the ends where thc‘y appr’oacHi the* boiler plat(\s 
in some refractory ceiiumt, otherwise “ bloW"j)ii)o ” action 
may occur at these ))oints and the plates sutler injury. 

As regards the rate of (U)ml)ustion possible with C!oke, when 
a good natural chimney draught ('xists, the rat(^ of burning 
can be raised to 15 lbs. or 20 lbs. per scpiarc^ foot of grates 
area per hour. With fonuMl drauglit, th(^ ratc^ (uin b(^ 
increased to 30 lbs. ])er sejuare foot- pen* hour. A grate arcui 
of 33 square feet—tliat of the ordinary 7»foot- diameter 
Lancashire boiler will thus suHku^ to burn 000 lbs. of (H)k(s 
per hour, and assuming that H lbs. of water are (vvaporated 
per lb. of coke, the evaporative^ (‘fl*ec;t will be 7,020 lbs. of 
water per hour. 

When coke-breeze or (u)ke-ash (containing oven* 30 per cent, 
of inccombustible matter is to be burtUHl, soitic form of 
external furnacuc of the Dutch oven typec heccornes necessary 
for its complete (iombiistion, and in this (uise the advantages 
offered by the internal fin^-boxes of the marine and J^^anca- 
shire type of boiler are lost. FoixhkI draught will still be 
necessary to burn the fuel, and the radiant heat from the 
furnace can be utilised by means of hollow walls for heating 
the air before it is drawn into the fan or steam jed- but tlu^ 
heat of the gases issuing from this ty{>e of furnace can be 
best utilised in the water-tube type of boiler. Under-feed 
stokers are sometimes used with this type of furturce—but as 
the proportion of ash in the fuel rises, the difficulty of 
obtaining anything like complete combustion of the carbo¬ 
naceous matter with mechanical stokers increases. 

With either type of furnace, whan hand-fired, great care 
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is required to avoid accidents from back-firing or from ^ 
explosions in the boiler flues, due to the accumulation of 
carbon monoxide gas when the draught is cut off for cleaning 
and clinkering the fires. In order to minimivse the danger 
from these causes the following precautions may be taken :— 

(1) Svavel dampers should be substituted in the side flues for 
vertical drop dampers, and these should be worked with link 
rods and a lever from the boiler front; also the side flues 
should be inspected and cleaned frequently, to prevent any 
blockage of flue dust or soot at the foot of the swivel dampers. 

(2) An excessive depth of fuel bed is contributory to the 
accumulation of explosive gases in the flues at such times, and 
a depth of 10 inches should never be exceeded. (3) The 
safety plugs inserted in the ends of the flue walls should not 
be blocked by heavy iron tools or implements, but should 
have a free egress if explosions should occur in the flues. 

Since the temperatures attained locally in furnaces fired 
entirely with coke or breeze under forced draught are much 
higher than in ordinary coal-fired furnaces, some trouble also 
may be experienced by burning away and failure of the fire 
bars. If this occurs the admission of steam to the ashpit 
under the grates may be the only practical remedy, unless 
some system of water cooling be adopted. If steam jets 
are used for creating the draught, this danger is already pro¬ 
vided for ; but where fan draught is employed a steam supply 
pipe to each closed Ashpit is desirable for use when required. 

The correct regulation of the air supply to coke-fired 
boilers and furnaces is not more difficult than that to coal- 
fired furnaces, but there is no smoke to warn the firemen when 
the air supply is deficient—and with both types of fuel 
constant testing of, the waste gases is an essential of good 
management and of high efficiencies. 

Under scientific management, however, it is possible to 
obtain a higher average percentage of COg in the waste gases 
with coke than with ordinary bituminous coal, and this 
means that the chimney losses of heat in the exit gas are 
reduced considerably and that a higher efficiency is obtained 
from the fuel. 
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The further advantage of smokelessness is, of course^, a 
considerable one, •esj)ocially in those industrial centres wliere 
the smoke inspector is active, for under no conditions of 
neglect can coke-fired boilers and furnaces ])roduce black 
smoke. 

Actual Results obtained with Coke and CJoke-bkeeze 

Fieing. 

I. A small Electric Supply Station in the North of England 
employed a mixture of slack and coke-breeze in equal 
proportions upon a chain-grate stoker, with a water-tube 
boiler, successfully for some months during the War. 

The slack cost 166\ ^d. per ton, delivered at the generating 
station, while coke-breeze from the local gasworks was 
obtained at the generating station at a cost of only 6.9. Id, 
per ton. The average price of the mixed fuel per ton as 
charged into the hoppers of the chain-grate stoker was there¬ 
fore 11^. 3p. per ton. The day load at this station is taken 
by a Diesel oil engine, and the boiler is only worked at night, 
from dusk to midnight. The results obtained with the two 
fuels are tabulated below :— 



Slack alone. 

Mixed fuel. 

Date of test .... 

Nov. ISth, 19M-. 

Got. lOtb, 1916. 

Duration of test 

4 hours. 

4 hours. 

Calorific value of dry fuel in 
B.Tli.U. .... 

13,168 

12,178 

Price per ton delivered in the 
works .... 

16s. 6d. 

11.S', 3Jrl. 

Moisture in fuel 

7-68 per cent. 

10-09 per cent. 

Lbs. of fuel used 

4,027 lbs. 

4,704 lbs. 

Lbs. of water evaporated 

31,531 lbs. 

30,800 lbs. 

Water evaporating per Ih. of fuel 

7-83 lbs. 

6-56 lbs. 

Draught' . . . . 

i inch. 

1 inch. 

Cost of evaporating 1,000 gallons 

of water . . . ’ . 

9s. bid. 

7s. 9d. 


This shows a saving in fuel costs of 1^. 8^. per 1,000 
gallons of water evaporated, or 18 per cent, in favour of the 
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mixed fuel. It is noteworthy that the draught was the same 
in both tests, and that the total output of steam was only 
slightly less with the coke-breeze mixture. 

II. The engineers of the Buenos Aires Tramway Power 
Station have made a large-scale trial of coke and coke-breeze 
for firing their boilers, and have allowed Messrs. Beatty and 
Smith to publish the results obtained, in the paper named 
below.^ Ten thousand tons of coke were burned during the 
trial, containing on the average 13-5 per cent, ash and 
13 per cent, moisture. The following are the average results 
obtained from the fuel:— 

Water evaporated per lb. of fuel . 5-7 lb. 

Water evaporated per lb. of fuel from 
. and at 212° T. . . . . 6*72 ,, 

Fuel used per kilowatt hour . . 3*675,, ‘ 

Boiler efficiency .... 57*6 per cent. 

As the cost of the coke is not given, the comparative costs 
of firing with coal and coke cannot be calculated, and in this 
respect the results are not so useful as those given in the 
preceding table. The best results at Buenos Aires were 
obtained with a large delivery of coke that contained only 
6 per cent, moisture. This gave an evaporative effect of 
7*9 lbs. of water from and at 212° F. per lb. of fuel, during 
trials extending over one month, corresponding to a boiler 
efficiency of 62 per cent. 

When the moisture in the coke rose to 20 per cent, the 
boiler efficiency fell off to 58*6 per cent. As already stated, 
a 10 per cent, rise in the moisture contents of the coke burned 
at this station caused a 24 per cent, increase in the weight 
of fuel used, for not only had more coke to be handled to 
obtain the same amount of combustible, but a greater portion 
of the heat generated was employed in evaporating the water. 

III. The chief engineer and fuel expert of the London Coke 
Committee, in a paper read before the London District Gas 
Association, gave the results of comparative tests made with 
coal and coke firing on two Cornish boilers, in February, 
1916.^ The tests were made in London, which accounts 

* Iil<idiical Revieiu (New York), April 14th, 191G. 

2 Ttic World, April 1st, 1910. 
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for the fact that the relative prices of coal and coke-breeze 
are much higher than in Test I., and that the saving effected 
by the use of the cheaper fuel rises to 34 per cent. The 
substitution of forced draught for natural draught, and the 
maintenance of a high COg average would no doubt account 
for the marked increase in the efficiency of the boilers •when 
worked with coke and coke-breeze. 


Fuel Test, February, 1916. 


Euel tested . . 

Bituminous 

coal. 

Gas coke. 

CkiH coko and 
coke-breeze. 

^ystem of di'aught . . 

Xatura! 

draught. 

Blowers. 

Bio wo IK. 

Oast per ton delivered . 

256'. 

25«. 

17s. 6(1. 

Duration of trial, hours . 

6-5() 

7-25 

7-66 

Type of boilers (two) . 
Total grate area, square 

Oornish 

CDi’nish 

Oornisli 

feet .... 

58 

58 

58 

Amount of fuel used, lbs. 

Fuel burned per square 
foot grate aica per 

6,720 

7.500 j 

4 200 coke, 
4 200 breeze 

hour, lbs. . 

Water evaporated, lbs. 

16vl 

10-1 

17vl 

(actual) 

Water from and at 212°F. ! 

45.950 

()e5C00 

59,200 

per lb. of fuel 

Oast per 1,000 gallons 

7*74 

9*80 

7*99 

evaporated 

146‘. 5d. 

ILv. Sd. 

9.s‘. rxL 

Per cent. 00^ 

Net working efficiency of 

Not taken 

16*0 

1()*25 

plant 

Financial saving effected 
by adopting coke fuel 

70*72 p.c. 

85 jj.c. 

80*9 p.c. 

and forced draught . 

— 

Ifl p.c. 

34 p.c. 


The author exhibited at this meeting models of the steam- 
jet forced draught aj)paratiis used in thc^se tests, and stated 
that the steam used for the jets did not exceed 3 per cent, of 
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that generated. He emphasised tdio fac^t t.liat the heat 
generated by coke is chiefly utilised radiant, lieat in the 
boiler, and that, for this reason, the Jiix>4)()x heating surface 
was the chief factor in steam prodiictdon. 

The tendency on American railwa^yH, where (!()k(^d)re(^5'.e, 
mechanically stoked, was being oirrployod for steaming 
purposes was, he stated, to increase area of ilu^ tirO“l)()X 

heating surface, and to diminish that of t.ubcns, R(‘liable 
tests had proved that 1 square foot of hre-box luxating 
surface, when exposed to direct radiation fi'om burning coke, 
will evaporate five times as much watei* as I square foot of 
tube surface. Stationary boiler desil^oers would do well to 
note this fact. 

IV .—German Tests with Coke and Oc>ke-hreeze,--\x\ tlie year 
1910 a Commission was appointed l>y one of the leading 
German Societies of Mining Engineors to iuvcwtigafe tlu^ 
utilisation of low-grade fuels, and tlio reports issued by tins 
Commission have been published f rom time to tirm% in 
German mining journal, Gluckauf, Hoinc'. of the figurc'ss and 
results obtained by this Commission with (U)ke ami cjoke- 
breeze will now be quoted :— 

Two evaporative tests were carricHl out- on August 2nd 
and 3rd, 1910, with the '"Praesto ixtul Kridlo ’’ systeniH 
of firing, at the Consolidation Mine, tu^ar Dortmund, with 
coke-breeze or ashes from the quenc^Hing plate, containing 
24 per cent, ash, 15 per cent. moiHt.ur(% and 4*5 per c(uit. 
volatile matter. The boiler with wliioh this test was made 
was one of a battery of six Alban ty}>c’) of water-tube boilcu-s, 
with a grate surface of 3 square metroH (32 scpiare fe(4.), and 
a heating surface of 129*6 square motvre^s (1,393 scpian^ hoi). 
The fuel used cost at the mine only j,v. 8^/. per ton. Ka(/h 
test lasted eight hours, and after declucding the sh^ain useci 
for the steam jets, the tests proved tJxat th(^ (waporation peu* 
lb. of fuel had been 3*03 lbs. in one aitno and 3*3 lbs. in the 
other. These results show, on comparison with those 
obtained with a similar fuel burne<l umku* t-fte sanu^ (uuidi- 
tions under a Lancashire boiler, thnt t lu^ wahu* iubc^ typi'^ of 
boiler is not so suitable as the other for us(' wit h a fiu'l so low 
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in volatile matter, and confirm what was said on this 
subject in the introduction. 

Further tests made with a similar fuel, and the same 
systems of firing, were made on August 25th, 26th, and 31st, 
,1916, on one of the installation of ten Lancashire boilers at 
the Ludwig Mine, Westphalia. The coke-breeze in this case 
contained 10 per cent, volatile matter. The grate area was 
2-96 square metres (31 square feet), the heating surface was 
93*4 square metres (1,003 square feet), and the forced draught 
was obtained from an electrically-driven fan, which supplied 
air under pressure to the ashpit of each boiler furnace. The 
results of three tests showed that 5-2 lbs., 4-90 lbs., and 
4-64 lbs. respectively of water had been evaporated per lb. 
of fuel burnt, and that the cost of evaporating, after 
allowing for all running and fixed charges, had been from 
3s. Zd. to 3s. 5d., or a mean of 3s. id. per 1,000 gallons of 
water. 

Some figures obtained by the same Commission at the 
Achenbach Mine, with coke and coke-breeze, burned by aid 
of the Wilton apparatus, for producing forced draught, will 
now be given :—^Three steam jets were used to force the air 
into the furnace, and a special form of distributing box was 
employed to carry the air up through the furnace bars into 
the bed of burning fuel. The steam jets were not employed 
continuously, but were closed for about one-fourth of the 
time when the fires were being cleaned, or fresh fuel was being 
charged. A separate test was made of the steam required 
to produce the blast, by allowing a similar steam jet to blow 
through a cqoling worm, and by weighing the water con¬ 
densed. This amounted to 74-3 kilos, per hour for the first 
test, and to 86-5 kilos, per hour for the second test, and 
represented about 3 per cent, of the steam production of the 
boiler. Comparative tests were made in September and 
November, 1912, -with the natural draught and forced draught 
systems, and the following are the more important average 
figures obtained in the four trials, the test in each case lasting 
eight hours:—- 
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Natural 

draught. 

Forced 

draxight. 

Cost of fu(4 ]>er ton. .... 

Is. Id. 

].S-. Id. 

Water evapoi*ated ])(u,’ 11). of fuel. 

Water evaporatc'd j)i‘r s(piar(‘. foot of grate 

4-08 lbs. 

4-!)9 lbs. 

area per liour . . . ... 

20-50 lbs. 

3()-70 lbs. 

Cost of evaporating 1,000 gallorjs of water . 

3s. M. 

3, S'. ]|rl 

Boiler (‘ffumuicy ..... 

52-4 p.c. 

65-8 p.o. 


The Bpecial feature of tliene German testn is the low charge 
for the fuel uned, and, consequently, the very economical 
figure for the cost of evaporating 1,()()() gallons of water, 
namely, 3.s‘. J to 3.s\ as compared with Is, the 
lowest cost for the English returns. When comparing the 
figures, however, we nmst note that the German tests were 
made at the mines or coke ovens, with fuel which would have 
otherwise been wasted, and that the charge made for It to 
the boilers was merely a nominal one. With coke-breeze at 
the same cost, the English figures for the cost of evaporating 
1,000 gallons of water would prove equally striking. 


GaSIFI'OATION. 

As regards tJie use of coke-breeze in the tyi)OH of producer 
specially designed for the gasification of finely divided fuels 
(ref(u*red to in Chapter I), the following are tests of the gas 
obtained from a (H)k(^~l)reeze containing 40 per cent, dust, 
wlien used in thc^ Kerpely high-pressure producer, the 
calorific value of the breeze being 10,250 B.Tli.U. 

Oarhon-monoxidc, 27*5 ])C‘r cent. Ilydrogen, 8*5 percent, 

(jarbon-dioxide, 3*4 „ Methane, ‘lO ,, 

Idle lud; (udorifu; value of i-ho gas was 118 B.''rh.U. per 
cubic foot, and it was cunployiHl foi* heating the gas retorts 
at th(^ Viennai Gas Works. 

The following arc^ test-figures obtained witli the Tees 
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producer, when running on coke-breeze of the grade and 
chemical composition specified in the test:— 


Grading of Fuel. 

Peb cent. 
Over J inch . . 27-6 . 

J inch to J inch .33*1 . 
J inch to I inch .19*3 . 
Below -J- inch . 20*0 . 


Analysis of Fuel. 
Per cent. 


. Moisture . . 14-29 

.Ash . . 22-33 

. Volatile matter 5*1 
. Total carbon . 74-45 
Calorific value. 11,109 


on dry 
sample. 


B.Th.U.’s per lb. J 

Blast pressure at bars . . = 18 cms. (7*0 inches). 

Gas pressure at top of producer . = 5 cms. (1*9 inches). 

Blast saturation . . . == 63*^ C. 

Temperature of gas leaving 
producer . . . . = 197*5° C. 

Analysis of gas . . CO 2 == 6*4 per cent.; CO = 25 per cent.; 

H = 14 per cent. 

Net calorific value . . . = 124 B.Th.U.’s per cubic foot. 

Gas per ton of wet breeze , . == 110,000 cubic feet. 

Ash . ^ . 87*3 per cent, incombustible ; 10*73 per cent, carbon. 

Gross efficiency (calculated) . 67*7 per cent. 

Net efficiency (calculated) . . 65*2 per cent. 


Fig. 21 is a sectional elevation of this gas producer. 

Finally, figures given by Fernald in Technical Paper, 
No. 123, published by the U.S.A. Bureau of Mines, may 
be quoted. The gas producers in this case were fed with 
coke ballast,” which is another name for the fines ” 
obtained when screening coke, and the gas was employed for 
firing brick-kilns. The producers were of the non-recovery 
type with stationary grates, and for several years the work 
of the kilns had been carried on quite successfully with the 
gas obtained from this coke-ballast. 

No details of the calorific value of the gas are given, but 
the grading and analysis of the fuel used was as follows :— 


Grading of Fuel. 

Per cent. 


Over J inch . . 40 

I inch to J inch . . 19 

J inch to J inch . .14 

Below J inch . . 27 


Analysis of Fuel. 

Per cent. 

Moisture . .10*77 

Ash . . . 12*05 

Volatile matter . 4*92 

Fixed carbon . 72*26 


100 


Calorific value 11,160 B.Th.U. 
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In concluding this chapter on the use of coke and coke- 
breeze for steam-raising purposes, reference may be made to 
the fact that the two most favourable openings for the 

I 



utilisation of coke are on railways and in factories for power 
purposes, and it is significant that both in Germany and 
America the use of coke and coke-breeze in both of these 
directions is extending very rapidly. 







CHAPTER V 


CULM AND WASHERY WASTE 

One unlooked-for result of the increased cost of labour and 
transport in all manufacturing countries is that the dumps ” 
of waste fuel in colliery districts are growing in size, and that 
the proportion of fuel left in the mines as unmarketable and 
not worth bringing to the surface is far greater than is 
desirable from the point of view of national economy. 

Large consumers of fuel, in towns and cities far distant 
from the coal-mining areas, have, in fact, now recognised the 
absurdity of paying high freight and railway charges upon 
such incombustible matter as shale and dirt; consequently,^ 
washed and properly graded coals are rapidly growing in 
favour. The large shipping companies also have commenced 
to use washed hard fuels from the South Yorkshire coal¬ 
mining area, in place of South Wales steam coal, and the 
demand for scientifically prepared fuels is thus increasing, 
month by month and year by year. The coal-washing and 
cleaning plants at collieries, therefore, tend to multiply in 
all up-to-date mining centres, and the dumps of culm and 
other washery refuse are growing in size, and also, in economic 
value. 

So far the attempts to utilise this waste material for steam 
raising or other power purposes have been confined chiefly 
to the colliery companies themselves, but with the extension 
of their plants the time is rapidly approaching when the 
companies will be unable to bixrn or gasify even a small 
proportion of their total output of this low-grade fuel, and 
its sale to outside consumers will become necessary. 

Owing to the high percentage of incombustible matter, 
it will not pay to transport the material far from the mining 
centres where it is produced, but within a certain limited 
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radius, say five to ten miles, culm and washery refuse, when 
burnt under steam boilers or gasified in producers, form very 
valuable cheap fuels for power generation. 

Special types of furnace grate and of gas-joroducer are, 
however, necessary in order to obtain good results with these 
materials, and in the following pages some facts and figures 
are given, based upon recent practical trials in England, 
America, and Germany. 

The United Kingdom. 

The early attempts to utilise culm and washery waste for 
steam raising in the United Kingdom were made in furnaces 
of the destructor type, for it was recognised that it would be 
impossible to obtain a good evaporative efficiency from 
fuels containing from 25 to 35 per cent, of ash, in the ordinary 
type of boiler furnace. 

Goodrich, in the Engineering Magazine, some years ago, 
pointed out that a Lancashire boiler with a grate area of 
only 38 square feet could not possibly maintain its proper 
rate of efficiency with a fuel the evaporative power of which 
was at the best only 4 lbs. of water per lb. of fuel, and he 
proposed that the grate ai-ea should be doubled, and that 
compressed air should be employed to support the combus¬ 
tion. External brick cells with grate areas of from 50 to 
75 square feet were therefore provided, and under these 
conditions, with forced draught, an evaporation of 10,000 lbs. 
of water per hour, with a Lancashire boiler measuring 30 feet 
by 8 feet, became possible. This Dutch oven type of 
furnace, however, while quite useful for large-sized materia] 
and the brasses ” from hand-picked coal, was found to be 
impracticable when fine-grained material and the refuse from 
washeries had to be burned, and the Bettington type of 
tubular boiler has now come to the front as one of the most 
suitable for steam raising purposes with these classes of low- 
grade fuel. 

The Bettington boiler is illustrated in Eig. 22, which gives 
a sectional elevation and cross-section of it, on the line A.B. 
of the larger figure. The fuel, which must be sufficiently dry 
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blower, is first carried vertically upwards by the force of the 
blast—and in theory, the particles of carbonaceous matter 
should be all consumed before the gases are reversed in 
direction and leave the lower part of the combustion chamber 
by the path shown in the figure. 

Professor Cobb, in a paper read in April, 1916, before the 
Midland Section of the Coke-Oven Manufacturers' Associa¬ 
tion, has pointed out that the Bettington boiler will require 
modification in some respects before it can completely burn 
large-sized grains of coal. The time during which the 
particles remain in the combustion zone of the boiler with 
the present design, is far too short to allow of their complete 
combustion. The question of the best materials for the 
refractory lining of the boiler is also not yet settled, for the 
high temperature and the molten ash or slag combined have 
a most destructive action upon it. However, these difficul¬ 
ties will, no doubt, be overcome in time, and when they'are, 
the Bettington boiler will prove a very efficient type of 
steam producer, when fired with the finely divided waste 
materials from coal cleaning plants and washeries. The coal 
dust that accumulates upon the floors and ledges of mines, 
and proves such an added danger when explosions occur, 
could also be collected and utilised for steam production if a 
battery of Bettington boilers were installed at or near the pit- 
head in all coal-mining districts. 

The evaporative capacity of these boilers is high, and 
it is stated that a Bettington boiler with 2,600 square feet 
of heating surface, under the best working conditions, will 
evaporate 22,000 lbs. of water per hour, and show a 
thermal efficiency of 75 per cent. The latest published 
tests with this boiler were carried out at the works of 
the Farnley Iron Co., Yorkshire, and the results are re¬ 
corded in a paper read by C. A. King before the York¬ 
shire section of the Society of Chemical Industry, in 
January, 1917. 

The following are the chief figures obtained, (1) when the 
boiler was running under normal conditions, and (2) when 
operating under 30 per cent, overload :— 
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Normal load (12,000 lbs. per hour, from and at 100° C.). 


Test 1. 



In Five Honrs. 

Per Hour. 

Per lb. Coal. 

Coal. 

Water from 44° C. to 160 lbs. 

and 108*6° C. superheat . 
Water from and at 100° C. . 
Boiler efficiency = 76*9 p.c. 

65 cwts. 

5,345 galls. 

],344 lbs. 

9,718 ibs. 
12,300 !b.s. 

7-23 ll)s. 
9-15 lbs. 


Test II.—30 Per Gent. Overload. 



In Two Hours. 

Per Hour. 

Per lb. Coal. 

Coal. 

Water from 72*8° C. to 160 
lbs. and 111*8° C. super¬ 

31 cwts. 

1,736 lbs. 

— 

heat 

2,712 galls. 

13,560 lbs. 

7*81 lbs. 

Water from and at 100° 0. . 
Boiler efficiency = 80*0 p.c. 

16 544 Ibs. 

9*53 lbs. 


Distribution Heat. 



Normal. 

Overload. 

Retained by boiler alone 

Retained by superheater 

Retained by air heater . 

Loss in flue gases 

Loss by radiation . . . . 

Per cent. 
68-3 1 

6-8 ■; 76-b 
1-8 J 

Per cent. 

69*1 ] 

9*1 i- 80*0 

1- 8 j 

'■ 20-0 

2- 1 ) 


As regards the use of waste fuels for producer work in the 
United Kingdom, Fernald, in Technical Paper No. 123 of 
the Bureau of Mines, gives some figures obtained from the 
manager of a large English colliery and ironworks. In the 
particular case referred to, a water-jacketed revolving grate 
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producer was installed for the purpose of utilising the 
“ batts ” from the colliery dumps of waste fuel, “ batts ” 
being the local term for the larger pieces of shale containing 
a good proportion of coal. It has been found in practice 
that better results can be obtained by crushing the larger 
material, and by passing both the large and small through a 
washing plant before charging into the producer. In this 
way the dump is being gradually reduced in size at this 
colliery, and 115 tons of the unwashed material yield 60 tons 
of nuts—classified as Nos. 1, 2 and 3—and 40 tons of slack. 
The sample of the original waste fuel taken from the dump 
tested as follows :—Moisture, 6-99 per cent.; ash, 52-12 per 
cent. ; volatile matter, 18-37 per cent. ; fixed carbon, 
22-52 per cent., and the calorific value of the undried fuel was 
5,065 B.Th.U. After washing, the fuel tested as follows ;— 
Moisture, 5-86 per cent. ; ash, 24-60 per cent.; volatile 
matter, 28-75 per cent. ; fixed carbon, 40-79 per cent., and 
the calorific value of the undried fuel had increased to 
9,869 B.Th.U. The manager stated that the producers 
operated well with this washed material, and that success 
in dealing with it was due to the water-jacket. The slag 
contained on the average 4 per cent, of combustible. 

The United States. 

One of the most notable installations in America for 
utilising the small coal and refuse from the washing plant 
attached to a large colliery is that found at Hauto, Pa., and 
illustrated in Eigs. 23 and 24. This plant was erected in 
1912—1913 by the Lehigh Coal and Navigation Company, 
which mines chiefly anthracite coal, and the original plan 
was that the power station shown in Eig. 23 should be rim 
entirely with the refuse and sludge from the washeries. 

In actual practice, however, it has been found impossible 
to obtain the rated capacity from the boilers installed when 
fired with refuse alone, and therefore the smaller sizes of 
anthracite coal, known on the market in America as Nos. 2, 3, 
and 4 “ buckwheat,” are now being employed at the power 


W.F. 
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Htatioii. 'riios(‘. hIkos of aiil liraoitc an* lU'odiKH'd hy fho 
following s(o*<‘(nis : - 

No. 2 lliroiigli j";, inii in rt'tuiiunl by 

•> ;t i 

,, o „ in - " 

,, *1 M I (j " ” ** ” 

in ordor to rodiutc iho costs io ihv UnvvHi possililc |Kniit» 
the coal is t.mrisport(‘d dircc4ly from the hrt*akcos luid 
washcricH to the coal hunkers of the* power house in g«uidola 
cai‘s. dlu*! original (capacity of tin* powcu’ plant was 
kilowatts, hut. it- is to he iruunaiscal to 1(H),(Htn kilowatts, aial 
some ideal of the artiount of rt»fus(‘ t<» Iw* d(*alt with tain la^ 
ohtaiued from tlu' fact that in the* production of tht^ svav. 
known as “stove ttoar' alonc^ (h(‘ ladiigh t’tmipany turns 
o\)t. enough refuse to run tla‘ wlmle td th(‘ enlargtal plant, 
Idle original plant comi>ris(*d tnght Bahcotdv and Wllc^ox 
douhle-'ended units. lOach hoiku’ is provided witli ftuir 
grates, half of taudi s(‘t h(*ing final from oia^sidt^ and half from 
the oth(u\ The boilers are of th(‘ livedrum h<‘nt tula^ type, 
<a|nipped with supt'rheattu’s, and a.r(* d<*sigiaal to carry 
225 Ihs. of st(‘am |)r(sssun\ Kxtdisivt* of tla* snptu’h<*at('r.s, 
eaedi hoiler lias lO,OUO stfuart* had t»f h<‘ating stirfatte. Six 
of the hoiku’s art* (‘((uip[H*d with halal fired <lumpit>g graft's 
of special design, and the t wo n'tnainitig iuuIh an* etjuipjHat 
with automatic travt'Iling graft's, a (k'Vt'lopmtud of tht' t’tnxt' 
design. In tfu' cast* of tht' luind finsl furnatn's, tht' graft's 
are 12 feet deej) a.nd H fet't with', making tla* total gratt* area 
284 square had ihu* hoikn*. Four of (lu‘ hoik'rs are proviclial 
with Acme slottiHl toj) gratt's, and i\\n nw (H|nipiwal with 
piiehok^ tops. In taieh taist' abtmt h ptu’ tamt. of the total 
grat(' area is occupied by air aptnlurt'S, the hok^n or slots 
being about imdi wide, ddit' a[)ertun'H art' at I fit' liottom 
of grooves moukknl atu‘OKH the gratis tops, at right angk'H to 
each other, giviiig the appeararua^ of a wafHe iron, M1it' 
grooves are provided in t)rd('r to prt'vtmt t ht' taad fnmi choking 
the apertures, and tht'rt'hy hiutk'ring a. fns' (dnndation of air 
througli tlie furnact^ Otht'r haitiut's of tht‘ furniufc' art' the 
use of vtudically sliding furnace dotu's, rt'tH'Hst'd ash|)it tloors, 
and shaker Iwindles to prt'veni ohst rutdion tt^ t ht' firing aink's, 
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double fire-arches, cinder catchers, ventilation of fire-walls 


to prevent burn-outs, and independent brick settings which 
are not affected by expansion of the metal parts. Double 




Fig. 24 .—-Arrangement of Boilers and Furnaces at Haiito, Pa. , 
for burning Anthracite Chilrn, 


suj^erposed fire-arches are provided, so that if the Iowcm* < 
burns out, the upper one will come into use. Between i 
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superi)osed arches is an air space through which air is allowed 
to circulate slowly, in order to prevent the firebrick tempera¬ 
ture from reaching such a value that the material deteriorates. 
The space over the grates is practically a reverberatory 
furnace, which ensures the compile combustion of the fuel. 
The fire-arch is 9-5 feet long, and covers two-thirds of the 
grate area. The combustion chamber above the brick wall 
is unusually large, and is so designed as to reduce the velocity 
of the gases,'and to allow any unburned fuel to drop back 
into the fire and to be consumed. The gases from four 
furnaces under each boiler pass up through the central 
combustion chamber and then divide at the top, going 
through two passes, striking the flues and superheaters—of 
which there are two to each boiler—and then following the 
vertical uptakes at the boiler heads to the roof of the station, 
where they join a common stack (see Fig. 24). Using No. 3 
buckwheat, containing 20 per cent, ash, as fuel, the boilers can 
1)0 run at 300 per cent, rating with the aid of forced draught. 
Whatever unburned fuel or cinder may be carried over into 
the first pass of the boilers is thrown out by centrifugal force 
at the bottom of the pass into a cinder catcher. The steam 
is employed to drive'three turbo-generators, each of 12,500 
kilowatts, generating current at 11,000 volts. The electric 
energy is transmitted at 110,000 \^lts to various coal mines 
and cement mills in the vicinity of the Hauto supply station. 

The Lehigh Company has sold this generating station to 
the Electric Bond and Share Company, which is consolidating 
the interests and linking up all the power companies in the 
same area. It is probable that the extension of the plant to 
the size originally planned will be carried out at an early 
date, and that two more similar generating stations will be 
erected close to the mines in order to obtain the advantage 
of unlimited supplies of this cheap waste anthracite fuel. 

Another example of an American electric power station 
which is using waste fuel for steam generation is provided by 
the plant of the Cadogan Mine in Armstrong County, Pa. 
The fuel in this case consists of 50 to 75 per cent, refuse from 
the tipple picking tables, mixed with slack.. The generators 
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are Heinz water-tube l)oilcj*s rated at 470 H.P., a4. 150 lbs, 
working pressure, each having a grate area of cS4 square feet. 
Each boiler is fed by three meclianically-opei’ated underfeed 
stokers, forced draught being supplied by one blower fan 
driven by two direct-coupled steam engines (see Fig. 25). 
The ash is removed by steel cars running on rails directly 
below the discharging holes of the retoils. Tho generating 
plant consists of two 375-kilowatt altcvrnators coui)]ed direct 
to Corliss valve steam engines running at 150 revolutions per 
minute. The engines consume 21*() lbs. ;|)er H’.l\ hour at 



I^Kj. 25.—Tl\t‘ at the Wanto Fu(‘l IN)W(m' IMant, 

(lado^iiaii Mino, ItS.A. 


full load, 21*3 lbs. at three-quarter load, and 2l-cS lbs. at 
half load. ''Che energy developed is used chiefly foi* cutting, 
haulage and pumping purposes at the miru^., but as trans¬ 
mission is an important point, it is generated at 2,300 volts, 
and is converted by motor generator sets to direct current 
at 250 volts, at the point where it is required. 

Another American power plant which utilises anthracite 
culm or slush as fuel may be briefly referred to. This 
material, it may be explained, is the fine coal that passes 
through a screen with -^i^^-inch circular holes, and in the 
modern coal washery plant it is the only form of anthracite 
for which the producers are unable to find a market. Fig. 26 
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shows the general appearance of the culm, with a 6-inch rule 
laid against it. 

The Delaware, Lackawanna and Western Railroad Com¬ 
pany, however, are burning this material with success 
at their Nanticoke Power Station, using Coxe chain-grate 
stokers and forced draught, with Babcock and Wilcox boilers 
working at 155 lbs. steam-pressure. 

The ‘^fingers ” of these stokers are of special design and 



r'rG. :26.—Anthracite Silt or Oulm, exact 
size of. 


contain openings xV wide and inch in length, about 
6 per cent, of the whole grate surface h,'^ing taken up by these. 
The slush or culm is carried to a depth of 4 inches on the 
stokers, and a draught equal to inches to 2 inches water 
is required to burn it satisfactorily. The generating plant 
at the Nanticoke Power Station comprises ten 300 H.P. 
boilers, with two sets of Allis Chalmers turbo-generators, 
running at 1,800 revolutions per minute, and generating 
three-phase current at 4,100 volts. 

Four more boilers are being installed, and further details 
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of the plant will be found in the issue of Goal Age for June 8th, 
1918. 

Finally, a series of test figures obtained with a 750 H.P. 
Maxim boiler, equipped with a Ooxe travelling grate, when 
burning the various grades of anthracite buckwheat fuel, 
and silt or culm, may be given. These results summarise 
much of the data contained in recent American contributions 
on the subject. The figures are taken from a paper contri¬ 
buted by W. P. Frey, fuel engineer of the Lelington Coal and 
Navigation Company, to the Spring (1918) Meeting of the 
American Society of Mechanical Engineers, when the subject 
of the Utilisation of Fine Grades of Anthracite was under 
discussion :— 



No. 1 
liuck- 
wheat. 

No. 2 
Buck¬ 
wheat. 

No. 3 
Buck¬ 
wheat. 

No. 4 
Buck¬ 
wheat. 

Un- 

cleaned 

silt. 

Average H.P. of test 

1,500 

1,395 

1,200 

1,010 

495 

Maximum H.’P. of test . 

1,750 

1,600 

1,400 

1,100 

650 

Average per cent, rating. 

200 

186 

160 

134 

66 

B.Th.U. i)er lb. dry coal. 
Combined efficiency of 
boiler, furnace and 

12,250 

12,000 

11,500 

] 1,000 

10,000' 

grate 

Equivalent evaporation 
from and at 212° E., 

74 

I , 70 

65 

61 

45 

per lb. of dry coal 

Dry coal consumed j^er 

o:i5 

8-77 

7-7 

6*9 

4*6 

H.P. hour . ' . 

Dry coal per square foot 

:b09 

3-93 

448 

5-00 

7-5 

grate surface ])er hour 
Boiler H.P. per square 

25 

25 

25 

25 

25 

foot grate surface 
(irate travel in feet per 

6-8 

(i-no 

5-5 

4-9 

3-3 

hour 

H>-6 

1G.5 

16-2 

15-2 

IM 


The general conclusions that may be drawn from American 
experience and practice with these low-grade fuels are two. 
First, it is recognised that some form of artificial draught is 
requisite for the proper combustion of the smaller sizes of 
waste fuel, forced fan draught operated on the balanced 
draught ” principle being most favoured. Secondly, it has 
been proved that only in exceptional cases will it pay to 
grind or pulverise the lump waste fuel, in order to burn it 
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in dust form. When the fuel is brought to the surface in this 
finely divided state, this method of burning is the most 
eificient, but in nearly all cases the fuel is too poor to pay for 
the cost of artificial pulverisation. The heat produced by 
burning rich '' culm ” in the dust form is sufficient to melt all 
forms of refractory material, but this is an exceptional 
material, and the greater number of waste fuels contain so 
large a proportion of ash that when burnt in the dust form 
the temperature produced is not so high as that attained 
under ordinary conditions with lump fuel. 

Germany. 

Experimental trials were carried out by Butow and 
Dobblestein in 1910—1911 for the Westphalian Mine-Owners’ 
Association in connection with the utilisation of waste fuels 
at the mines, and a summary of the results obtained and 
conclusions arrived at has been published from time to time 
in the German mining paper Gluckauf. Butow and Dobble¬ 
stein state that low-grade fuels may be classified according 
to their origin as follows :—(1) Coarse-grained material with 
ash contents up to 50 per cent, and water up to 20 per cent. 
(2) Fine-grained material with ash contentsnip to 40 per cent, 
and water up to 30 per cent. (3) Small coke and coke-breeze 
with ash contents up to 30 per cent, and water up to 20 per 
cent. Two methods of utilisation for these low-grade fuels 
are open to the engineer : they may be burned under steam 
boilers either alone or in conjunction with other materials, 
or they may be gasified in producers. Fuels of class (1), they 
assert, can be burned directly without admixture with other 
material, but the steam-raising efficiency of the boiler is very 
low, and such fuels can only be employed in large boiler 
installations. The application of forced draught gives very 
little advantage in the case of these fuels, and their utilisation 
directly for steam-raising purposes is therefore restricted to 
special cases. Fuels of classes (2) and (3), when they can 
be obtained, yield the best results when fired together, this 
being specially the case with the fine coal from a rich or gas 
coal, and coke-breeze, which together yield an excellent 
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firing material for steam boilers. In this cas(3 the use of 
forced draught increases the efficiency of tlie firing. As 
regards fuels of class (3), Butow and Dobblestein state that 
these can be fired alone if they contain 10 per cent, of volatile, 
matter, and if forced draught is available. Coke-breeze 
containing less than 10 per cent, of volatile matter cannot be 
fired alone, and if no fine material fj*om a rich or gas coal is 
available for mixture, it must be briquetted with the aid of 
pitch. Should the ash and water contents of the breeze 
exceed 30 per cent, it will not pay, however, to briquette it, 
and for this material, as for the lowest grades of classes (1) 
and (2), gasification in producers is the only practicable 
method of utilisation. 

In a later report, the same two engineers give details of 
steam-raising tests made in July, 1911, at the Prosper’’ 
Mine, with low-grade fuels and a travelling-grate stoker. 
Fuels containing from 9 up to 22 per cent, ash and from 2 up 
to 13 per cent, water were used in these tests. The fine coal 
from the coal-washing plant and the coke ashes could in 
neither case be burned alone, and were, in the final tests, 
either burned together or mixed witJi the other fuels. A 
Diirr boiler possessing a heating surface of 1,640 square feet 
was employed in the trials. Six tests were made with the 
following products :—(1) Rejected fuel from the washing 
plant. (2) No. 1 fuel mixed with coke ashes in the proportion 
of 2 to 1. (3) Dust from nut coal mixed with coke ashes in 

the proportion of 3 to 1. (4) A mixture of two parts of fine 

coal dust with one part of coke ashes. (5) A mixture of equal 
parts of fine coal dust and rejected fuel from the washer. 
(6) Dust from nut coal alone. The following results were 
obtained:—Pounds of steam obtained per lb. of fuel 
burned : (1) 5-61, (2) 4-96, (3) 4-16, (5) 4-45, (6) 5*55. Boiler 
efficiencies: (1) 58--96, (2) 53*18, (3) 42*93, (5) 48*74, 
(6) 55*95. The cost of one ton of steam, using the rejected fuel 
from the washing plant, was only 9d., of which total the 
fuel represented M, 

As regards the use of these waste fuels for gasification, 
Butow and Dobblestein state that the chief difficulty met 
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with ]ia« been, the bulk of the slag and ashes which has to 
be removed from the producer, and the tendency of this to 
fuse together into large masses, and to disturb the normal 
working of the producei*. The producers experimented with 
were—(1) the Mond producer, and (2) the Erhardt and 
Schmer producer. Coke ashes containing 19*4 per cent, ash 
and 20*7 per cent, moisture were used. The trial of the 
Mond producer with this fuel failed, owing to the air pressure 
required to l)urn it being sufficiently great to blow out the 



Fr(}. 27.— Augsburg'Niiniberg type of Has 
Generator, 

water seal. So far as could be judged from the preliminary 
results of the tes^, 1 cubic metre (35 cubic feet) of gas, testing 
112 B.Th.U. per cubic foot, would cost •0235(j:. (*20 pfg.), 
without any allowance for labour, depreciation or interest 
charges. 

The trials with the Erhardt and Schmer generator were 
more successful, as this producer possesses a rotary hearth 
which retained all the fuel in the lower part of the charge 
in continual motion, and thus prevented clinker formation. 
In this case, a mixture of equal proportions of coke ashes and 
refuse from the washing and sorting machines at the mine 
was used, and after the method of burning the generated 
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gas under a Lancashire boiler had been modified, very 
successful results were attained. The following is an 
estimate of the cost of evaporating 2,204 lbs. of water with 
this cheap fuel refuse :— 



Pence. 


Labour .... 

4-8 


Interest and depreciation 

4-8 


Fuel ..... 

3-0 


Feed-water .... 

•6 


Power for motor . 

•8 


Total 

. 14-0 


For a larger plant this low cost could be still further reduced, 

as the same labour would suffice 

for two producers, 

and 

2,204 lbs. of water could then be evaporated for 12(1. 

By 


use of the gas in a gas-engine, still more favourable results 
could be attained. 

Finally, a report made by Mann and Mustefeld upon the 
gasification of low-grade fuels, and published in Oluckav/ 
in 1912, maybe referred to. These authors state that the 
chief characteristic which determines whether a fuel is to l)e 
classed as ''low grade ” is the fineness of its particles ; ash 
and moisture are of secondary importance. The chief 
factors that determine whether any particular low-grade 
fuel will pay for its gasification are :—(1) The chemical 
composition of the gas that can be produced from it, and 
(2) the cost of obtaining one calorie, or he^jj:- unit, in the gas 
produced. The chief difficulty in working gas-producers 
with these low-grade fuels is due to the finely divided state 
of the particles. This causes great resistance to the air 
supply inside the producer, incomplete combustion ocburs in 
consequence, and the yield of gas is diminished. Air 
channels are also formed in the burning mass of fuel and lead 
to further disturbances of the normal conditions of work, 
since they carry an excessive air current, which results in 
the formation of CO 2 in place of CO. 

The authors give details of trials made with the Mpnd, 
.Erhardt and Schmer, Maschinen Fabrik Augsburg and 
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with the Kerpely producers (see Figs. 27 and 28), when 
using this class of fuel. The steam required to operate the 
different types of generators varies from 15 to 18 lbs. per 100 
lbs. of fuel in the case of the Kerpely producer up to 200 lbs. in 
the case of the Mond joroducer. The Kerpely high-pressure 



r'lu. 28. Kerpely type Revolving (jjrate Gas Producer. 


producer is described in the form specially designed for 
gasifying finely divided low-grade fuels. A satisfactory gas 
composition is obtained from these producers by the use 
of a great depth of fuel bed and by a uniform distribution 
of the air supply over the whole area of the combustion zone. 
The ashes and clinker are continuously abstracted as the 
gasification of the fuel proceeds. The following tests show 
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the chemical comiDosition of the gas made in a Kerpely 
producer during six separate trial runs :— 



1 . 

2 . 

3. 

4. 

1 

5. 

C. 

CO, 

3-00 

5-18 

10-0 

7-0 

2-4 

4-1 

CO . . . 

30-20 

26-66 

21-9 

27-4 

32-5 

29-5 

H . . . . 

14-85 

15-01 

22-2 

18-3 

12-3 

14-5 

CH 4 . . . 

•40 

1-90 

2-0 

2-5 


1-4 




CHAPTER VI 


towns’ refuse and garbage 

Another of the waste materials that may be utilised as 
substitutes for ordinary fuel for power generation is^towns’ 
refuse, since not only is its quantity large, but its destruction 
by burning is imj)erative in all large towns and crowded 
centres of population. Further, the heat produced by its 
combustion is most easily utilised by means of steam boilers 
and electrical .generators, and the slag produced by its 
combustion may also prove a valuable source of revenue. 

The earliest forms of refuse destructor were simply designed 
for the combustion of the refuse without utilisation of the 
hot gases for steam generation, and the destructor consisted 
essentially of a square or oblong brick-lined chamber or cell 
{i.e., a Dutch oven) of large dimensions, into which the i^efuse 
was tipped and burned luider natural draught, generally with 
the aid of added coal or some external source of heat. 

It was soon discovered, however, that by use of forced 
draught and a pre-heated air su|)ply the refuse could be burned 
by the aid of the heat generated from the combustible matter 
already present in it when collected from the streets and 
from the dust-bins of business and private premises—and 
that the heat of the escaping gases could be used successfully 
to raise steam in specially designed boilers. 

In the following pages the author will discuss :— 

I. The calorific value of towns’ refuse. 

II. The recent improvements in tlie design and in the 
control of the destructor process. 

III. The practical industrial value of the heat generated 
from towns’ refuse. 
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I. The Caloeieic Valtje oe Towns’ Refuse . 

It may bo candidly admitted that many of the published 
figures relating to the calorific value of towns’ refuse are 
unreliable and misleading, and that some of the earlier 
estimates of the number of kilowatts that might be produced 
from a ton of refuse were much too high, and have only been 
approached in specially situated districts where the calorific 
value of the refuse is unusually good. 

Towns’ refuse is a product that varies greatly in composi¬ 
tion and value, not only in different towns, but also in the 
different districts of the same town, and at different periods 
of the year. The only figures that are reliable as to its 
calorific value therefore are those based upon twelve months’ 
operation of the destructor plant, since the summer value 
of the refuse is generally lower than the winter. 

In colliery districts where the miners’ families obtain their 
coal for nothing, or at a nominal price, and the general public 
pay only about one-half of the price charged to the con¬ 
sumers in large towns, the fuel value of the refuse will also be 
twice as high, owing to the presence of much unburned 
carbon in the cinders. In towns and cities far from a coal¬ 
mining district, on the other hand, the refuse will be found 
to consist largely of kitchen and garden garbage which, if wet, 
has little value for steam-raising purposes. 

Bearing these facts in mind, one can now proceed to 
examine and analyse the figures obtained in tests of the more 
recently erected destructor plants, with a view to ascertaining 
the real fuel value of the refuse collected from a town of 
average size. The figures presented are mostly those 
obtained during test-runs of the plant when taken over from 
the engineering firm which designed and erected it, and a 
standing deduction of 33-3 per cent, will be made from these 
figures, in order to bring them into lindwith the results that 
may be expected from twelve months’ practical operation of 
the plant. This percentage deduction has been arrived at 
by study of the comparative data published in the early 
years of destructor development for short test-runs, and for 
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one year’s operation of cotnbined destructor and ekKitrie. 
generating plant. 

The HorHjall J)e.slrucf()r.~ I'he New Dcstinudor ( -onipany 
which now (iontrols the Hoi'sfall system of refuses destr‘uetion 
have given, in a rcHient j)uhlication, a tabular statcunent- 
showing the gradjial improvement in tfie effioieiicy of tlieir 
destructors during the period 1900 1910. ''Phe results arc^ 

based on tests of not loss than twenty-four hours’ duration, 
and the water evaporatcKl pen- pound of refuse shows an 
increase from 1-21 lb. for the destructor erectcHl at tlu^ 
Pembroke Electricity Works, Dublin, to 1-57 lb. for thes 
Poplar Electricity Works, in 1910. The details of this last 
test arc as follows : — 

Date of test . .... Pebruary-Marrk, 1910. 

Tons ()£ nvfnsc^ biiriuHl pei* tw(mty- 

four hours. . . . . . tons. 

Evaporation p(‘r U). of r(‘.fuse from 
an(lat212'’E.1*57 lbs. 

The Hee/rian ct? Froude DeMruelor, following rc^sults 

of tests with the Heenan & Froude type of refuse destriuhor 
are of sj)ecial interest, sinc^e they emphasise tlie gr(uit vai’ia.- 
tion in the thermal value of the refuses in ditlerxmt; pa-rts of 
the country, and illustrate the !*emarks made abovc^ on thc^ 
point. (Hee next page for this Table.) 

Foreign Types of Destructor, first destriudor csrecd-ed 

in Germany was that at Hamburg in 1895, a result, of the 
cholera epidemic in t.lu'i |)revious yeai*. This was of tlu". 
Horsfall type, and some trouble due to tfie use of stenvm jets 
was experienced befoi*e it worked satisfactoiily. Biaisscvls 
followed the example of Hamburg in 1993, and Ziiric.h in 
1904, by erecting similar destructor plants. These wer(^. also 
of the Horsfall type. The first (Jerman designed dest ructors 
were those erected at Wiesbaden by Dorr, and at Kiel by 
Herbertz, in 1905—1906. These designers made use of t he 
principle of using hollow chambers in the walls of the 
destructor cell for the purpose'- of heating tlie incoming air, 
which was forced by fans into the combustion chamlnn* uncku’ 
a pressure of 400 mm. (16 irudies) water. 


W.F. 
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Table L—Tests with Heenan & Froudb Destructor. 


Town. 

Date of test. 

.Period 
of 
test . 

Pounds of 
water eva[)o* 
rated per 
' pound of 
refuse. 

Abe rd are (South 




Wales) 

March 24th, 1915. 

10 hours 

3-53 

Pontypridd (South 




Wales) 

Feb. 10th, 1910 . 

8 „ 

2-69 

Coventry. 

April, 1911 

48 „ 

2-00 

Eotherham 

Jan. 27th, 1910 . 

18 „ 

1-80 

Clydebank 

Ma:v 2nd, 1907 . 

8i „ 

1*73 

West Bromwich . j 

— 

81 ,, 

hib 

Swinton 

Sept. 24th, 1912 . 

11 

1*32 

Cheltenham 

June 26th, 1908 . 

17| „ 

1*24 

Kotterdam 

Feb. A. May, 1913. 

6 days 

MO 

Botterdam . * . 

Feb. & May, 1913. 

10 „ 

•88 


N.B,—''J'hesc arc actual evaporations, and arc not expr( Bscd (jn the standard 
lasis “ from and at 212*^ F.*’ 


As might be expected from the methods of domestic 
heating in use in Germany—by closed stoves using chiefly 
briquette fuel—the refuse collected in German towns and 
cities was less rich in combustible material than English 
refuse. At Pucheim the evaporative efficiency was *891 lb. 
of water per lb. of refuse—equivalent .to 1*01 lbs. from and 
at 212° F.—^Avhile at Fiirth—Humboldt system—the actual 
evaporative efficiency was -98 lb. water per lb. refuse, 
equivalent to *97 lb. from and at 212° F. The general 
results obtained at these two installations showed that German 
refuse had an average heat value of only 2,160 B.Th.U. 
per lb., and that about one-half of this heat value could be 
utilised for steam-raising purposes. 

The English figures, consequently, show much higher 
evaporative efficiencies, the average for the Heenan and 
Froude type of destructor being over 1-87 lbs. water per lb. 
of refuse, and that for the Horsfall destructor being 1*38 lbs. 
Taking 33-3 per cent, off these figures we have 1*25 and 
92 lbs. respectively. It is unlikely, however, that in view 
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of tlie increased price of fuel, and the lygair^iiecessity for 
the pracjtice of economy on tlie part of ail Kcctihris Qi the 
population, that English house refuse will in future contain 
so much cinder and unhurned carbon as in tlui past-, and it 
will be wise therefore to assume that t.he aver-agc^ (uilorificj 
v^xlue of towns’ refuse, when calculated upon twelve months* 
working of the destructor, is about 2,1()(> B/l’h.U. }>er lb. 
and that only I 11). of water cmi be (‘vaporatc^d per lb. of 
refuse burnt for steam-raising pur])oses. '^Idie j)i*ac?ti(uil 
application of these figures will be discussed in the final 
portion of this chapter. 

11. Recent iMFRovnMENTs in DekSign and in Control oif 
THE Destrogtor Rrooess. 

’'riie difliculties met with in the destriuition of house refuse 
by burning are chiefly tJiose arising^from the ])hysical 
cliaracter of 1-fie materials to bc^ consumed, and iiie large 
, amount of clinker pr()du(H‘(l as a result of the e-ombustion of 
the refuse. Kit-chen garbage and similar refuse is gcmerally 
wet, and will not burn at all until dried ; while the rags, waste 
pajier and (undcu’s, that form th(‘- other (diief cjornbustiblo 
elements of the refuse, an^ so dist ributxTl and buried amongst 
the mass of incombustible rnater*ial that it is very difficult to 
get an adcRpiate air supply at the ])oints where it is most 
required. Acc^ording to Broadbent, the averages (jornposition 
of London refuse is as follows Ash, 47 per cent. ; breeze 
and cindcu*, 25%5 per cent. ; paper, straw, and vegetal)le 
refuse, 13 per cent.; dust and diid, 9*75 per cent. ; while the 
remaining 4-75 per cemt. is made up of bones and ollal, rags, 
bottles, broken (?rock(vry, glass, and tin (*,ans. ''rius (jombus- 
tible material thei’cfore does not amount to more than 
one-third of the whole, and the difficulties of burning it are 
mucli, greater than those encountered in liurning the poorest 
qualities of shutk or coke-breeze (iont-aining 30 jxu* cent, to 
35 per (umt. of ash. 

When tlie combustion has been su(u?cxssfully ellected tJu^ 
fused clinker that remains behind is over one-third the weight 

11 2 






100 WASTE IfUELS FOR POWER GENERATION 


of tJio original charge of refuse, and special forms of grate 
arid special a])plianoes are necessary in order to deal with 
this largo amount of inolten matter, and to avoid heat losses 
by its withdrawal from the furnace. 

dMio difficulties of attaining complete combustion have 
be(‘n oveniome l)y the use of fans for supplying pre-heated 
ail* under considerable ju-essure, perforated iron plates being 
employed for the furnace sides and bottoms in many of the 
ru'iW typos of destructor, in order to distribute this air through 



Fkj. liC. Kuniac^o Room of DoHtructor Plant, New'York 
('it-y (Hoenan Sc> Froude). 

I hc' Avliole nmHH of inatxiiial to be burned. The air is pre- 
hoal('d citlior by paasing through the hollow wall-spaces 
Ixd wcHui the <lifforcnt cells of the destructor, or by special 
air-luiators placed in the hottest part, of the combustion 
chauibtu- of the furnace. It is now recognised by designers 
of dcstriuitor (sells that a })re-heated air supply is a sine qud 
non of good destructor working, for a difference of 300° C. 
iis the Iw'.at of ttus incoming air makes a difference of 350° to 
400" (I in the. !V<s(.ual temperature attained in the furnace. 
'I’lu' advanlages of a jsre-heated air supply are not confined 
to (his increase of tlusrmal ofiioieney, for a quicker ignition 
of t ins refuse and an accelerated combustion accompany the 
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viwc (>£ hot air, and tlu‘ (^a.])a(*.hy of thcs dost riuhor |)(‘r day of 
twenty-four hours is therefore gi*(>at ly iricix^ased. 

'^Fhe high temperatures whi(di ai'es attained in, th(‘. d(‘stru(dor 
furnaces oi* cells when workc^l with forced fiot-air draiigtit, 
while leading, howevcu’, to a rrtuch high(>r eOicicuicy for llu‘ 





furna(‘/e and boiler, liave created some difficultic's of design, 
for the molten slag has been found to have a very (U^st.rue.tlve 
action on the furnace floor and walls, and in some cascis 
steam-jets have been employed purposely, in placte of fans, 
as in the Meldrum furnace, in order to keep down the furnace 
temperatures. 
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Steam, howevci', is a wasteful coustitueut' uf |ii;ases wlueh 
arc to be utilised later on for heating ])ur|)os(^s, and tlu‘. bc^st 
method of producing the draiigid- requirtHl for (a)inbustion of 
the refuse is by fans, whicli draw tlu' (-old all* tluougli the 
hollow walls of the cells, and deliver it iin(l('rnt'a-ih the 
perforated plates which form the tlooi* ol t h(^ fiii’iuKU^ or t hc' 
inner linings of the trough"s]\aped grates 

A modern refuse destriudor ])lant' tiuis (unisists of th(‘. (le^lls 

(‘(piipiied with forc^Hh 
draught fans and heat- 

_^ regcuuu'atoi's, t o g e t Ii e r 

^ steam boilers and a 

RA chamber, 

through whi(di the gases 
^ \ l)ass b(vfor(^ (\s(ni[)ing into 

___ tlu^ atmospluMx^ In the 

most up“t()“dat('- ])lants 
electric ])ow(n* is tised for 
charging and discliarging 
^ removal of 

I |M,i|.(^linkcu* being the 

\vv\ ^^^^<>st troubl(^M()me of these 
Vvv operations. 

^__regards the im- 

_LL^SJLI, proved met-hods of (hulling 

with this clink(u', it has 
for liofuHc DoHtriict-orM. 1)0011 fouiicl by aG-ual 

measurements that the 
heat retained in the fused mass only amounts to from 3 i)er 
cent, to 4 per cent, of that gemerated, and attempts to utilise 
this heat for raising the temperature of the in(v>ming air, or 
for other purposes, have not proved so successful as was 
hoped. The use of water-cooled mould-shaped grates which 
facilitate the removal of the clinker in one mass, and of a bar 
bent in a spiral form, around which the clinkew melts, are 
the latest devices for dealing with the elinker problem. 
By means of a ring-shaped, handle to the clinker bar, 

and a winch, a mass of fused clinker weighing sevcu'al 


Hooiian & KroiuU^ 'rrouglv Orate 
for liofuHC DcHtriict-orM. 
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hundredwx^ights can be removed from tlie furnace with 
ease by one man. 

The Horsfall, Meldrum, Maiilovc & Alliotf, and Heenan 
& Froude are the types of refuse destructor which have 
been most widely adopted in this country, and in U.S.A. ; 
while in Germany and Austria, the Dorr, Herberts and 
Humboldt types are found. The use of closed tubs with 
hopper-bottoms, for storing the refuse at the destructor 
plant, and of a mechanical charging gear and clinkering grate 
in the form of a tipping-truck, are the latest improvemcmts 
in the Horsfall destructor; while Heenan & Jfroude have 


Uki, 32.* Th(‘ Hot’Hfall Tijiplng Trou^^h Omtc! for lUa'oHO 
DcHtructors. 



adopted a water-scaled charging device, and have also 
improved their method of withdrawing and qiienching the 
clinker by use of a trough-shaped grate. In both the 
Horsfall and Heenan & Froude latest types of grate con¬ 
struction, the air for combustion is i)re-heated by passing 
between the inner and outer linings of the trough or mould 
which forms the grate. Figs. 30—32 show the construction 
of these grates, and also the latest charging arrangements for 
the two types of destructor. 

The latest development of destructor design, however, is 
the adoption of the blast furnace as the model of what a 



104 WAvSTE EUEL.S FOR POWER GENERATION 


I'efuse destructor should be, the Dih'r destructor erected at 
Wiesbaden being the first of this type. Improved forms of 
the shaft type of destructor have been erected at Barmen and 
Hamburg, and as these represent a distinct departure from 
the ordinary type of destructor design, some details of their 
construction and method of working are appended. 

The original Hamburg furnace was constructed in the 
form of an octagonal shaft, the hearth of which was rectan¬ 
gular in form, and water-jacketed for cooling purposes, to 



prevent the clinker adhering to the walls. ■ A perforated iron 
grating was used for distribution of the air supply, and a fan 
supplied air under pressure to the air chamber below the 
grating. This fxirnace gave a mean temperature of 1,050° C. 
(1,922° F.), and burnt successfully 31 tons of refuse per day. 

An, improved form of the Hamburg shaft furnace was 
erected later at Barmen. In this case a preliminary grate 
was provided in front of the grating of the shaft furnace, 
and on to this the clinker cake was drawn and remained 
twenty to forty minutes, in order that it might give up some 
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of its heat to the iiiconiiiig air. As already stated, the heat 
losses with the clinker are small, and the temperature of the 
incoming air cannot he raised to any considerable extent by 
contact with it. 

The latest types of the shaft destructor furnace have 
therefore adopted special air heaters, placed in the hottest 
part of the system, for pre-heating the air supply, and only 
use the clinker heat for the preliminary step in the pre-heating 
process. 

Kohlmann,^ in a paper upon the Evolution of the Refuse 
Destructor,” read before the Canadian section of the Society 


Table IL--Tests op OAPAcrTY for Various Types op Destructors. 


System. 

City. 

Grate area, 
square 
metros. 

Capacity per hour 
per square metre of 
grate surface. 

Horsfall 

Hamburg (old) 

2-75 

r 76 

; 133 


Zurich . 

1-89 

i 220 

133 


Brussels. 

2-5 

133 

Heonan 

Milwaukee 

2-5 

335 


Dublin . 

2*7 

260 


Olieltenham . 

2*7 

235 


Vancouver 

30 

255 


Coventry 

2-7 

385 

Herberts 

Fiume . 

1-25 

345 


Briinn . 

1*25 

325 


Kiel . 

0-94 

445 


Frankfurt 

1*1 

285 


do. 

- 2-2 

480 

Humboldt . 

Fiirth . 

1-5 

720 

Dorr 

Wiesbaden 

1-0 

815 

Hamburg . 

Hamburg (new) 

1*2 

1,530 


^ Journal Society Chemical Industry, April 30tb, 1914. 
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of Chemical Industry, in 1913, has given the figures sum- 
marised in Table II. for the capacity of the various types of 
destructor. 

These figures, if they are to be accepted as reliable, 
indicate a much higher rate of combustion in the shaft-type 
of furnace than for the cell-types of destructor, and this 
higher rate of burning would naturally lead to a reduced 
interest charge on caj)ital outlay and to lower labour costs 
per ton of refuse dealt with. It is asserted, however, by 
those who are interested in the older forms of furnace, that 
the rate of . combustion is only one of the many factors that 
enter into the economical working of refuse destructors, and 
that the claim of lower total working costs made for the 
shaft type of furnace has not been substantiated in actual 
practice. The higher air-pressure required with this type, 
it is said, demands much larger and more |)owerful fans, 
and the higher temperature obtained in the furnace leads 
to a much greater wear and tear on the refractory linings 
of the furnace walls and grate. The War has, of course, 
prevented the publication of any information or figures 
relating to the work of the shaft type of destructor since 
1914, and it is therefore impossible to say what truth there 
is in these Criticisms. The experience of the next two or 
three years will settle, no doubt, which is the more economic 
type for ordinary towns’ refuse, namely, the subdivided cell 
type of furnace with a removable clinker trough as grate 
and moderate depth of fuel; or the shaft type of destructor 
with much greater depth of fuel and a temperature that 
ajDproaches 2,000° F. At this temperature the clinker is 
only in a semi-fluid or plastic state, but no doubt with the 
aid of lime or suitable fluxes it could be rendered more fluid— 
and the advantages of obtaining a clinker from destructors 
that will flow readily and can be cast into moulds are so 
obvious, that developments are most probable along this line 
of progress. 
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III. ''I'me Praotkial Valite of the Heat Generatei) from 
Towns’ Refuse. 

The ligures given in the first section of this chapter prove 
that house refuse has an average Iieat value of one-scwenth 
that of ordinai'y coal, and that aboxit 1 Ih. of steam can be 
produced per Ih. of refuse l)urnt. Has such a ])oor fuel any 
value at all from the power engineer’s standpoint ? If this 
question wore decided solely upon the value and merits of 
this refuse as a fuel, the answer to the question would be in 
the negative, for the interest upon the capital outlay on the 
destructor plant and the cost of working it would amount 
to more than the value of the steam produced. But, as 
pointed out in the introduc-tion to this chapter, the question 
of refuse dosti'uction l)y burning is fundamentally a sanitary 
one. All large towns and cities ought to be provided with 
destructors with sufficient capacity to cremate the whole 
of their refuse, and the question of utilising the surplus heat 
to the l)est advantage is really an economic one, l)Ound up 
with the successful operation of these plants. 

In the early days of destructor development it was custo¬ 
mary to erect and work these plants as adjuncts of the 
electricity supply stations, and it was claimed that from 
40 to 60 units of electricity could be obtained in these com¬ 
bined plants per ton of refuse burnt. The £ s. d. value of 
the latter as fuel was calculated therefore to be 3.s\ 4/1. i^er 
ton. 

The electrical engineers in charge of largo power generating 
stations, however, were not in favour of the system, since a 
certain amount of nuisance and dust, detrimental to the 
efficient working of the electrical machinery, arose from the 
carting and tipping of the refuse ; and only a few of these 
combined plants have been erected in recent years. 

The modern plan is to erect the destructor on the site 
most suitable for the collection of the refuse, to operate it as 
an independent works, and to sell the steam produced by 
the surplus heat to the nearest factory, at an agreed 
rate per 1,000 lbs. In some cases this sale is to an electricity 





this system of working the destructor plants at Huddersfield 
and at Rotterdam may be referred to. 

The Huddersfield destructor was erected in 1910 by 
Manlove and Alliott, of Nottingham, and consists of eight 
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supply station, but thivS is not an ossoutial foal u r<.‘ of t lu' idan, 
and any large works that requires steam for lieating oi* power 
purposes might cover a portion of its requircunents from a 
destructor plant, if one were near at liand. As (examples of 


Fig. 34 '— Refn^ Best uetor Plant at Partick iManlore & Alliott). 
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furnacen or cells arranged in two units of four cells each, 
each unit being complete with its own combustion chamber 
and water-tube boiler. The cells are of the '' back feed ” 
type, and are arranged on the continuous system. Each 
cell has a grate area of 25 square feet, and is provided with a 
drying hearth at the rear, where the green refuse is subjected 
to a preliminary drying. Forced draught is provided by 
two electrically-driven fans, and the air is pre-heated before 
its entrance into the combustion chamber. The surplus 
steam not required for the operation of the destructor plant 
is carried by well-insulated steam mains over a roadway to 
the electricity works, and is sold to this undertaking at a net 
cost of Id. per 1,0()() lbs. The annual revenue received by 
the destructor plant from this source in the four years, 
1911—1914, was as follows:—1911, £1,505; 1912, £1,759; 
1913, £1,790 ; and 1914, £1,701. 

The Rotterdam plant was erected in 1911, and was first 
j)ub into operation in 1912. The destructors are of the well- 
known Heenan & Froude type, and are provided with all 
the improvements brought out by this firm in recent years. 
The plant consists of five independent units, each consisting 
of two sets of four cells grouped on either side of a central 
combustion chamber. The grates of four adjoining cells 
are separated from one another by low cast-iron transverse 
dead plates of hollow construction, so that the four grates 
practically form one continuous furnace chamber. Each 
unit is fitted with a " regenerator,” consisting of a group of 
vertical boiler tubes expanded at the top and the bottom 
into horizontal tube plates. The hot gases from the boilers 
pass through the tubes and down into dust-pits, while the 
draught air passes over the outside of the tubes. The most 
striking feature of the installation, however, is the system 
of collecting the house and street refuse of the city, and of 
bringing it to the destructor furnaces, with a minimum of 
nuisance and cost. The city is divided into five districts, 
in ea(jh of whicli there is a small dock for accommodating 
barges. To these docks the refuse is brought in tip carts, 
which tip the refuse direct into skips, a number of which 
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fit neatly into a barge. The refuse never leaves these skips 
until it goes into the furnaces. Each barge holds about 
two dozen skips, and each skip contains about 1,600 kilos. 
(31-5 cwt.) of refuse. The skips have bottom doors which 
can be opened when the device is lowered into its seating over 
the furnace ; also they are made larger at the bottom than 
at the top, so that the rubbish will fall out quite readily. 
It is chiefly in this respect that the older systems of destructor 
working were faulty and capable of improvement, and 
although the possession of canals that ramify all through the 
city simplifies the collection and transport of the refuse in 
Rotterdam, there is no doubt that many of the good points 
•of the Rotterdam system might be copied in other towns 
and cities. The official trials of the plant, made during 
separate runs in February and May, 1913, showed that 
1,214 tons and 1,228 tons of refuse had been cremated, with 
an evaporation of M06 lbs. and -883 lbs. of water per lb. 
of refuse burnt respectively ; an average of 144 tons per day, 
and *99 lb. steam for the whole seventeen days’ period of 
trial. The steam raised is used partly in the plant, where the 
clinker is crushed and graded to three sizes, and all iron is 
removed by magnetic separators ; while the surplus is sold 
to the Municipal Electricity Supply Department at a fixed 
rate, and is used for driving a 1,250-kilowatt turbo-generator. 

The City Electricity Department provided half the capital 
required for the electrical portion of the plant, and for the 
building in which it is housed, pays the whole of the running 
charges of the same, and per unit for the steam. 

Further details of this interesting plant will be found in the 
descriptive article from which these facts are takenA 

The one disadvantage of the Rotterdam system of working 
appears to be that there is nO opportunity for sorting the 
refuse, and removing from it the paper, old metals and 
broken glass, all of which have a marketable value, especially 
at the present time. As an indication of the annual revenue 
that may be derived from this source by a destructor plant, 
the following figures from the 1914 repoid of the chief 
^ M^.ctrical TimeSf January 7th, 1915. 
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sanitary insi)ector of Paisley, in Scotland, are of interest :— 
17,576 tons of refuse, or an average of 56 tons per working 
day, were collected and dealt with in 1913, and 3,177 tons of 
cdinker and 243 tons of mortar were sold. The revenue of 
the destructor plant from the sale of the various residual 


products was as follows :— 

£ 6 *. d. 

Clinker. 224 4 9 

Mortar. . . . . . . 48 12 3 

Old tins and scrap metal . . . 109 14 11 

Waste paper. . . . . . 15 5 8 

Old bottles.4 14 


£419 10 11 

In view of these figures, and of the fact that the relations 
between the sanitary and electrical departments at Hudders¬ 
field and at Rotterdam are most harmonious, it would seem 
probable that a considerable increase will occur in the 
number of destructor plants for towns’ refuse, equipped with 
the most efficient types of furnace ; and that these plants 
will all derive considerable revenue from the sale of their 
surplus steam to the neighbouring works, and from the 
disposal of their clinker and other by-products to those who 
can make good use of these commodities. If the experience 
of Huddersfield and of Paisley is a safe guide, an aggregate 
revenue of between £2,000 and £3,000 could be obtained in all 
large cities from these two sources alone, and a considerable 
portion of the cost of destroying the refuse could thus be met. 
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PITCH 

In the past, pitch has been employed chiefly as a roofing, 
waterproofing, and paving material, for its comparatively low 
melting point and high percentage of volatile hydrocarbons 
have prevented its use on any considerable scale as a fuel, 
with the exception of its application as a binding agent in the 
manufacture of anthracite briquettes and to a lesser extent 
in the retorts of gasworks. 

Pitch, it may be remarked here, is a product of the tar- 
still, and the total number of tar distillation plants in the 
United Kingdom in 1913, according to official figures, was 
234. Under the stimulus of War conditions and the impera¬ 
tive need for many of the products derived from the 
stills, this total had increased to 356 by June 3()th, 1916, 
and there is little doubt that, were the official figures for the 
expansion since that date available, it would be found that 
the total number of tar distillation plants had increased by 
1919 to well over 400. 

Since every ton of tar leaves on the average a residue of 
10 cwts. of pitch in the still, it can be understood that this 
very rapid increase in the number of distillation plants has 
been accompanied by an equally rapid (and from the point 
of view of the producer undesirable) increase in the output 
of pitch. The price, in consequence, has fallen from its 
comparatively high level of 28^. 3c?. per ton in 1914 to 20^. 
and 22s. per ton in 1919, for not only has the War doubled the 
production of pitch in this countiy, but it also closed, 
for the time being, two chief markets for its disposal abroad. 
Germany did not import pitch from the United Kingdom 
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before the War, and tlierefore the loss of the German niarket 
was not of any importance ; but the fuel briquetting indus¬ 
try in France, Belgium and Italy was largely dej)endent 
on the pitch obtained from the English and Scotch tar 
distilleries, and in 1913 our exports to France were valued 
at £472,000, Belgium, £297,000, and Italy, £119,000, 
a total loss of £888,000 to these three countries alone. 
This export trade, owing to the damage to the coal mines 
of Northern France and Belgium, will only revive very 
slowly. 

This increase in the output of pitch during the War, and 
the fact that probably two million tons of this solid hydro¬ 
carbon are now produced annually in the tar distillation 
works of this country, has led to a revival of interest in the 
possibilities of pitch as a fuel, either for burning in the solid 
state under steam-boilers or for use in the liquid state in 
internal combustion engines. Before dealing with the 
practical methods of utilising pitch in this way, however, it 
may be advisable to review briefly its chemical and physical 
properties, since the question of its successful application as 
a source of motive power hinges largely upon a correct 
appreciation of the difficulties attending its complete com¬ 
bustion, either in the solid or liquid state. 

The Chemical, Thermal ano Phys-ical Properties 

OP Pitch. 

When coal tar is heated in the usual type of 20-ton still, 
in order to separate and recover the more valuable consti¬ 
tuents, with boiling points below 270” C., a residue 
remains behind in the still, known under the trade name 
of pitch. 

Chemically, pitch is a mixture of free carbon and of hydro¬ 
carbons containing oxygen, nitrogen and sulphur. The 
constitution of these hydrocarbons varies with the source of 
the tar, and also with the temperature to which the distilla¬ 
tion has been pushed in order to recover the oils of lower 
boiling point. One ton of an average tar, under ordinary 

W’.Fk I 
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conditions of distillation, will yield tlio following pro¬ 
ducts :— 


Benzol.... 

. . ■ i 

gallon 

Toluol. . . . 


j» 

Solvent naphtha . 


5 J 

Heavy naphtha 

1 

J J 

Carbolic acid (crude) 

. 2 to 3 

J 1 

Crude cresylic acid 

2 

, , 

Creosote oils. 

20 


Anthracene oils 

34 


Naphthalene 

. 112 

lbs. 

Pitch .... 

10 

cwts. 


The light oils distil at a temperature below 170*^ (1, the 
carbolic cr- middle oils at temperatures lying between 170"^ 0. 
and 230° C., and the heavy or creosote oils from 230° 0. to 
270° C. The anthracene oils only come over at higher 
temperatures (from 270° C. to 400° C.), and the distillation 
is not always carried so far as to remove these oils entirely 
from the pitch. A large portion of the pitch, 10 to 50 per 
cent., consists of finely divided carbon, but from 50 to 90 
per cent, consists of solid unsaturated hydrocarbons of the 
aromatic type, which give the pitch its distinctive properties. 
According to Martin, the elementary analyses of hard and 
soft pitch yield the following figures :— 


Hard Pitch. 
Per cent. 

. 93*2 . 

4*4 . 


Hol't Pitch. 
P(ir cent. 
91-80 
4-60 


Carbon 
Hydrogen 

The calorific value of pitch is extremely high, a sample 
tested by the writer in the bomb type of calorimeter having 
shown 16,928 B.Th.U., or a higher value than that of the best 
Welsh steam coal. This high calorific value is, however, 
counterbalanced by the production of a very high percentage 
of volatile hydrocarbons when it is heated, the following 
being an approximate analysis of a North Country pitch :— 

. For cent. 

Moisture . . . . . .Qg 


Ash . 

Volatile matter 
Coke 

Fixed carbon 


•60 

66*85 

33*15 

32*55 
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As regards the i)hysioal proi^erties of pitch, the si)ecific 
gravity varies from 1*20 to 1*35, the hard pitch i)rodiiced 
when the distillation of the tar has been carried to a high 
temperature having the higher specific gravity. 

The melting point likewise varies within wide limits ; but 
it must be noted that the term “melting point’’ when 
' applied to pitch is an arbitrary one, since the material when 
heated gradually softens and passes by almost imj)erceptible 
stages into the liquid state. The extreme limits of melting 
point noted are G. in water and 174° C. in air ; but a 
pitch melting at 37^° C. (100° F.) would hardly deserve to 
be classed as a pitch, since this low melting point would 
signify that the distillation had only been carried far enough 
to drive off the water, the lighter oils, and some portions of 
the carbolic oils. 

The Problem of the Combustion of Pitch under Steam 

Boilers. 

Pitch, as shown by the analyses given above, is composed 
chiefly of free carbon, and of hydrocarbons which become 
volatile on heating above 400° C. It is, therefore, combus¬ 
tible, and under proper conditions can be burned completely 
to CO 2 and H 2 O vapour, with the production of heat equiva¬ 
lent to 15,900 B.Th.U. per lb. of pitch consumed. The very 
high percentage of volatile hydrocarbons which are evolved 
when it is heated above its melting point, however, renders 
it difficult to burn without the production of smoke, for even 
if the problem of keeping the air supply adequate for the 
complete combustion of these hydrocarbon gases be solved, 
there is still the difficulty of securing a proper admixture of 
the air and of the evolved combustible gases. These gases 
also are liberated at a lower temperature than in the case 
of bituminous fuel. This signifies that they require further 
heating before they reach the ignition point, otherwise they 
may escape from the furnace unconsumed, without yielding 
any of their heat value. This analysis of the difficulties of 
burning pitch as a solid fuel under steam boilers shows that 
special arrangements are necessary, and that it is useless 
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simply to shovel the lumps of pitch mixed with the coal 
into the fmmce and expect good steam-raising results from 
the mixture. 

In fact, when such attempts are made to burn pitch in an 
ordinary furnace under Lancashire steam boilers, the pitch 
softens and melts, and closes the apertures and air openings 
between the fire-bars, before liberation or ignition of the gases 
has occurred. Dense volumes of black smoke are therefore 
produced by this cutting down of the air supply at the very 
moment when a large excess of air is required for efficient 
combustion, and the fire-side of the tubes of the boiler and 
economisers becomes covered with a thick oily deposit of 
soot, which reduces enormously the transmission of heat 
to the water. The hydrocarbons contained in coal, it may 
be observed here, pass from the solid to the gaseous state 
on heating without assuming this intermediate or liquid 
stage, and for this reason a highly bituminous coal is more 
easily burned than pitch. 

The conditions required for burning solid pitch without 
excessive smoke production are :— 

(1) An adequate supply of air, above or through the grate. 

(2) An adequate mixture of this air and the evolved gases. 

(3) Means for raising this large volume of air and hydro¬ 
carbon gases quickly to the ignition point of the latter. 

The methods which have been adopted to secure these 
conditions in practice will now be described. 

Peactical Methods of Buehihg Pitch xjkder Steam 

Boilees. 

Mr. E. W. L. Nicol, of the London Coke Committee, has 
designed a special type of fire-bar for burning pitch in con¬ 
junction with coke under steam boilers. This bar is illus¬ 
trated in Fig. 35, and a patent has been applied for. The 
special ‘‘ pitch bar ” consists of a series of channelled trough¬ 
shaped bars sloping gradually from the front end to the 
deepest point, A-B, where the section is taken, and having 
beneath them a steam-jet blower. 

Some of the ordinary fire-bars of the furnace are removed, 
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and “pitch-bars” substituted, the numfoer and distance 
apart of the latter depending upon the character and volatile 
matter contained in the fuel that is being consumed on the 
other portions of the furnace grate. The pitch, broken to a 
convenient size, is fed on to the front end of these special 
“ pitch-bars,” preferably by some type of mechanical feed, 
which will maintain a regular supply without opening the 
furnace door. The heat of the surrounding fire causes the 
pitch first to melt and to fiow down the sloping channel of 
the bar to the portion marked A-B and then to volatilise. 
The rate of such volatilisation is said to be controlled by the 
form of the bars, and the forced draught supplies the surplus 
heated air which is required to secure the combustion of the 



Fra. 35.—Nicol’s special typo of Fire-bar for burning Pitch. 

hydrocarbon gases produced from the molten pitch. The 
partially coked residue which remains after the more volatile 
constituents have been driven off and burned is then pushed 
on to the rear portion of the. grate, where its combustion as 
ordinary coke offers no special difficulties. The bar and 
necessary accessories are made by Messrs. Ross and Schofield, 
of London. 

Pitch is also being burned in a tar distillation works in the 
North, in conjunction with breeze and coal, under Lancashire 
steam boilers, in the proportions of 75 per cent, breeze, 
18 per cent, pitch, and 7 per cent, coal, without any trouble 
from smoke. The boilers in this case are hand-fired and 
work under natural draught ; but it will be observed that 
the proportion of pitch is only about one-sixth of the total 
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weight of fuel used, and as the breeze evolves only a compara¬ 
tively small amount of hydrocarbon gases, the final volume 
of combustible gas to be consumed is not large. 

At one time this firm employed a mixture consisting of 
45 per cent, crushed pitch and 55 per cent, breeze. The 
steam-raising value of this mixture was good, but it produced 
smoke, and in time resulted in an oily deposit of soot on the 
economiser tubes, which could not be removed by the 
scrapers and had eventually to be burned off. Probably if 
this firm had installed forced draught apparatus, with a pre¬ 
heated air supply, this half-and-half mixture of pitch and 
breeze could have been burned without any troul)le, since a 
deficient air supply was undoubtedly the cause of the sooty 
deposit. 

Pitch as a Liquid Fuel. 

Mixtures of Pitch and Greosote Oil. 

The use of pitch and creosote oil mixtures as a liquid ftiel 
for steam-raising purposes has been submitted to practical 
trials during the last few years, under the stimulus of the 
Admiralty officials, who have been anxious to jireservo the 
limited su})plies of creosote and otlier ordinary fuel-oils for 
naval use. 

The Wallsend Nlij)way and Fngiiu^.ering (k)m})any are 
stated ^ to have been quite siujcessful in burning mixtures 
containing 05 to 70 per cumt. of ])it(di in a pressure-jet type 
of burner, the boiler being worked under' natural draught 
conditions and showing an efficiency of 80 per cent. The 
pitch in the supply-tank was kept liquid by steam coils at 
a temperature^, of 130^' F., the pressure used for' the jet was 
75lbs. ])er square incli, and the tem])erature of the pitch and 
creosote mixture was raised to 200'" F. at the burners before 
being atomised. The furnace tem])eratur(^ attained in these 
trials was stated to be 1,800” G. (3,272” ¥.). 

Messrs. Lyons & (V)., at their Kensington (London) Works, 
have also biu'ned mixtures of [ritch and creosote in the pro¬ 
portion of 30 : 70, and have obtained boiler efficieruHC^s of 
^ Sco article in Knyineer, April 19th, 191S, 
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82 per cent, with the fuel, the system of burning used in 
this case being that known as the White system. 



Pitch creosote mixtures have also been used succe.^'S- 
fully by several firms foi' heating metallurgical furnaces. 


Fig. 36.— Diagram of a Furnace Plant for Pitch and Creosote Mixtures. 
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and the only barrier to the extensive use of pitch as a fuel 
is that due to the well-known difficulty of handling and 
transporting it, and to the presence of impmities which tend 
to choke up and stop the strainers attached to the burners. 

The article quoted above discusses these difficulties, and 
Fig. 36 shows how the pitch can be kept sufficiently liquid 
during its passage from the supply-tank to the burners. 

The problem of the transport of the pitch in a liquid state 
by tank-waggons—from the tar distillation works to the 
points where it is to be used, offers more difficulty, but there 
is no doubt this irroblem could be solved if engineers devoted 
sufficient attention to it. One solution would be the produc¬ 
tion by tar distillers of a “ soft pitch ” specially for fuel 
purposes, with a very low melting point, and the provision 
of tank-waggons with double walls packed with some heat 
insulating material. If the “soft pitch” were run or 
pumped into these waggons with a temperature of 150° F. 
it could be carried long distances before solidification occurred. 

The distillation of the tar in this case would be stopped 
when the light and middle oils had been distilled (that is at 
200° C.), and the soft pitch which remained in the still 
would be utilised in the semi-liquid state in a modified 
form of the usual atomising form of injector, using hot air 
under pressure as motive power. The pre-heating of the 
air supply and the thorough admixture of the minute 
globules of liquid pitch and the air could be most effectively 
carried out by this system of combustion. 

In this connection the patent of Mr. Arnold Philips, an 
Admiralty chemist at Portsmouth, for reducing the viscosity 
of thick oils may be referred to. In this patent (No. 14,778 
of 1913) the addition of 8 per cent, of naphthalene is specified 
for rendering cei*tain,thick oils more suitable for fuel purposes. 
If the naphthalene be left in the pitch it is reasonable to 
suppose, therefore, that it will also have the same effect in 
rendering the latter more suitable for atomising purposes. 
Should difficulties from cooling and partial solidification 
occur in the spraying nozzle they no doubt could be overcome 
by enclosing the latter in a heat-insulating jacket, through 
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wluch pre-heated air or superheated steam would be passed 
before entering the atomising nozzle. 

As regards recent patents dealing with this subject, British 
patent No. 101,444 of 1916, granted to G. H. H. Bolling, of 
Christiania, describes a method of melting the pitch by means 
of the heat of a steam coil, and introducing it through 
similarly heated pij^es into the furnace, where it is atomised 
by a jet of steam' or air. The steam jackets, pipes, and 
valves are so arranged that any incrustation may be removed. 
German patent No. 290,708 of 1914, granted to Robert and 
Trinyi, relates to the similar use of powdered pitch as a fuel, 
the pitch in this case being blown into the furnace in the form 
of dust. Finally, the British patent of G. Heyl (No. 110,023 
of 1916) maybe referred to. According to this,liquid fuels 
suitable for firing furnaces and for use in high compression 
oil engines can be manufactured with the aid of pitch, by 
treating mineral oils and heavy creosote oils ^ with solid 
caustic soda, to neutralise the acids present and to remove 
sulphur compounds. The oil is cooled to eliminate the 
naphthalene (a mistaken proceeding in the light of Philips’ 
discovery) and is then heated with pitch. It is stated that 
up to 50 per cent, of the latter by weight can be dissolved by 
this method of procedure. 

The Use of Pitch as a Fuel for Internal Combustion 

Engines. 

One method of rendering pitch sufficiently fluid to be used 
in internal combustion engines is described above, and it is 
highly significant that the Controller of the Mineral Oil 
Production Department of the Ministry of Munitions is now 
arranging for trials of mixtures of pitch and creosote, in order 
to test their suitability for internal combustion engines. 
When used in the ordinary way such mixtures are not very 
satisfactory for Diesel engines, owing to starting difficulties 
and to incomplete combustion in the engine cylinder. If 
burned, however, with the aid of a Mirlces Bickerton and Day, 
or other form of '' pilot ignition ” aj^paratus, they give quite 
good results. With this apparatus, 5 per cent, of petroleum 
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oil is injected into the cylinder just before the creosote and 
pitch mixture enters ; and this pilot charge of a more easily 
ignited oil enables the temperature to be kept sufficiently 
high to obtain proper combustion of the composite heavier 
oil, that follows it into the cylinder. 

The chief difficulty in using heavy oils in gas engines is, of 
course, to prevent imperfect combustion, and the consequent 
choking of valves, etc., with deposited carbon. Should this 
occur, the use of a mixture of wood spirit and ammonia has 
been patented for removing these deposits without the 
application of heat; but the writer is unable to state whether 
this mixture has proved satisfactory in practice. Burning 
off, the usual plan, is, of course, efficacious, but it is trouble¬ 
some, and a liquid agent which would act in the cold would 
have much in its favour. 

The Lines oe Fijtube Progress. 

This summary of the most recent patents and experience 
relating to the use of coal tar pitch as a fuel for steam boilers 
and for internal combustion engines shows that some progress 
is being made. The methods of rendering pitch sufficiently 
fluid to be used in atomisers are in the opinion of the writer 
the more hopeful, and he is less confident that pitch can be 
used economically in the solid and pulverised condition for 
firing steam boilers. 

The fact that pitch softens at a comparatively low tempera¬ 
ture means that the heat generated by friction in the pul¬ 
verising apparatus will have to be dissipated by artificial 
cooling, to prevent the grinding surfaces becoming clogged 
with half melted pitch, and this artificial cooling must add 
considerably to the costs of the grinding operation. In the 
methods of rendering pitch more fluid, on the other hand, the 
heat added to the material is of direct service in accelerating 
and improving the after combustion in the boiler furnace 
or engine cylinder, and consequently the heat is not wasted, 
but is preserved and made effective at a later stage of the 
combustion process. 

It would seem, however, a waste of time and of heat 
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Cinergy to first, separate the constituents of coal tar by 
distillation into four or five separate portions, and then to 
recoin()ine some of these portions in order to obtain a mixture 
suitable for* use as a li(piid fuel. The author considers 
therefore tfiat the future line of development will be to 
carry the distillation only far enough to win the lighter oils 
and the phenols from tlie r-aw tai*, and that the residue from 
the stills, containing the heavy creosote oils, tlie naphthalene 
and the ))itch, will then bo sold and utilised as a liquid fuel. 
The anthracene oils, which are the last constituents of the 
raw tar to distil over (270“ to 400“ C.), would in this case 
be left in the pitch, and only when the demand and price 
offered for the anthracene made its extraction more profitable, 
would the complete distillation of the raw tar and separation 
of all the possible classes of its constituents be carried out. 



CHAPTER VIII 


WASTE GASES EKOM COKE OVENS AND METALLUIIGICAL 

ETIRNACES 

The heat carried away in waste gases may exist either 
as “ sensible heat,” i.e., heat measurable by the thermometer, 
and due to the failure to extract from the gases the whole of 
the heat generated by the combustion of the fuel; or as 
“ potential heat,” i.e., heat represented by chemical energy, 
due to the incomplete oxidation of the combustible matter, 
and to the presence of hydrogen, methane and carbonic oxide 
in the escaping gases. In the latter case, some form of 
burner and combustion chamber, with means for regulating 
the air supply, is necessary, whereas when the waste gases 
carry only “ sensible ” heat, and combustion is completed, 
the addition of a boiler or economiser only is required to save 
some portion of the wasted heat. 

The gases from metallurgical furnaces and from heating 
installations generally are examples of the first, and the gases 
from coke-ovens, blast-furnaces and from certain types of 
steel-reheating furnaces (in which a reducing atmosphere 
is required) of the second. There is, however, no hard and 
fast line of distinction between the two classes in practice, 
for the gases from coke-ovens and blast-furnaces carry 
always some “ sensible ” heat to the boilers in which they 
are utilised ; and unburned carbon monoxide and hydrogen 
are present at times in the waste gases from ordinary 
furnaces and boilers. 

Many forms of burner have been devised for supplying 
the necessary air to the combustibles in the particular gas 
that is being employed for steam-raising, and as this gas 
may vary considerably in richness (as shown by the analyses 
given below) the burners must be provided with mechanism 
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for iiKo-easing or (lioiiiiisluiig t.lio fiir-supply within wide 
lirnils. i^'igs. 117 and show diil!oi*oiit forms of ()urncr for 
the c()ml)usti()n of waste gases uruler l)oilers“and from these 
it will be seeti that they resemble one another in ])rinci])le, 
and differ only in details of e.onstruction. 

The two ({hied* necessities are to obtain a thorough admix- 



Secondary Air Ports Primary Air Inlets 

37.—Altonh(3iin & WiIhou Burner for Producer Gas. 


tnro of the gas and air and to keep down the excess of air 
to the lowest possible percentage consistent with good 
combustion. The proper management of the firing in 
gas-fired boilers demands therefore consideralde intelligence, 
and regular testing of the exit gases, since there is no smoke- 
omission to warn the engineer or chemist in charge when the 
air supply is deficient and gases are passing up the chimney 
incompletely consumed. 

Gas 



Pio. 38.—Altonhoim WilHon Biirmw for BlaHt. Funmeo (JaH. 


If an excess of air l)e admitted also into the mixing-tube 
or compartment of the burner back firing ” will occur, 
which with large volumes of gas is a distinct danger both 
to the firemen and to the fabric of the boilers, while if too 
little primary air be admitted some consideral)le portion of 
the gases will escape combustion. 
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Both practical experience and chemical knowledge are 
required therefore if boilers fired with coke-oven or blast¬ 
furnace gase^ are to yield their maximum of steam, and it is 
doubtful whether the larger portion of the wasterheat steam 
plant installed in this country and America is being worked 
at a high efficiency, simply because the expert knowledge and 
experience required to operate it is lacking. 

In the earlier installations of waste-heat boilers the 
natural chimney draught was relied upon to overcome the 
increased resistance due to the passage of the gases through 
the flues of the boiler. In many cases the boiler was erected 
directly above the furnace, in order to minimise the losses 
from this cause. This plan was never entirely satisfactory, 
and in modern installations artificial draught is always 
employed. In this way the draught of the original apparatus 
or furnace is increased rather than lessened by the installation 
of the waste-heat boilers, and the use of the fans also enables 
much higher gas velocities to be attained over the water- 
cooled plates of the boiler, and increases considerably the 
rate of heat transmission, and therefore the efficiency of the 
whole plant. 

As regards the practical value of waste-heat boilers, it is 
possible with a modern plant to reduce the heat of the waste 
gases to 500° F. Any furnace, therefore, which is allowing 
gases to pass away above this temperature, may be provided 
with the necessary plant for recovering the waste heat, 
although as a general rule it only pays to recover the heat 
when the gases are carrying 200° or 300° F. of surplus heat 
/up the chimney. 

In the United States it is calculated that the utilisation 
of the waste heat from open-hearth and other regenerative 
furnaces in the steel-making j)lants is equivalent to a saving 
of 250 lbs. of coal per ton of ingots produced, or to an annual 
saving of two million tons of fuel. Of the total heat delivered 
to the open-hearth furnace, 45 per cent, is wasted in chimney 
losses, and from one-half to two-thirds of this heat can be 
recovered by the installation of waste-heat boilers.^ 

The following tabular statement shows the chemical 
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conipositioii, thermal value, and '' scjiHiblo ” heat of the 
waste gases from tyj>ieal iron, steel, and other metallurgical 
furnaces 


Table I. .The OnEMroAL (loMPosmoN and Thermal Value of 

Waste (}ases eoNTAiNma Combustible Constituents. 


Tyf)o of gaH. 

For 

H. 

3\^r 

oontu 

OH 4 . 

Por 

cent. 

GO. 

]’or 

oont. 

Oalorilic 

valnc.* 

Coko-oven gas. 

49-1 

32-(5 

8*1 

3*1 

635 

BlaBt-fiirnacjc gas 

3*5 

-- 

25*4 

— 

90 to 115^ 


* In Brit/wh thermal units per cubic foot of gan. 


Tatu.e it." - The Sensible Heats of Waste Cases oontaininc no 
Combustible Gonstituents. 


Source of gan. 
Opivn-lieai’tli Htoc"! 
Reheating £tirnae(^s 
dement kilns 
do])per ixvfining furruu^es 


Tennperature, deg. Fah. 

. 1100-d 300 

. 1100.1900 

. 1300.1800 

. 1400 -2200 


The following practical examples of waste heat utilisation 
for steam generation are drawn from the United Kingdom, 
Belgium, Germany, and the United States ; those examples 
being selected in which the data of test results are the most 
reliable and up-to-date. 


United Kingdom. 

Although small isolated installations of boilers utilising 
the waste heat from coke-ovens and blast-furnaces, or from 
furnace operations in chemical works, had existed in the 
United Kingdom prior to 1907, the most notable development 
occurred in that year in connection with the coke-ovens and 
blast-furnaces erected in the South Durham coalfield, “ The 
Waste Heat and Om Electrical Generating Stations, 
Limited,” was formed in 1907, to promote the use of waste 
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heat for power pur])osc.s, and this (Joinpaiiy lias (k'veloped so 
satisfactorily that it Jiow controls nine of tlu^ wasU'-heat 
power stations riuuiing in the South Diiiham ai'ca. its 
success is proved by the fact that it has i)aid 8 pei' cent, on 
its ordinary share capital for the past few years, and has 
accumulated a reserve fund of £70,(K)() to provide for fut.ui'e 
contingencies. According to R. P. Sloan, who contril)iited 
a paper on the subject to the IS)Hi nuaiting of the'. Rrit.ish 
Association at Newcastle, there wei'o at that date' (elevcvn 
waste-heat power stations operating in the Noi'th- East (knist 
area, and two of these alone turned out 40,()0(),0(K) units of 
electricity per annum. The problem of utilising the wastt^ 
heat from iron and coke-oven plants has thm-cdore Imhui 
solved satisfactorily in this district, and has h'd to savings 
which are estimated to be equivalent to 150,000 tons of fuel 
per annum. 

The waste-heat stations in the North-East Goast schomo 
operate in conjunction with the Gounty of Duiham Electrical 
Power Supply Company, and also with the. Cleveland and 
Durham County Electrical Power' Company, the area servcul 
by these two power companies extending to 1,400 square* 
miles, and the total energy supplied at prr^smd Insing ;J4:J,000 
H.P. The waste-heat stations are jdaced (slose to the largtn- 
coke-ovens and blast-furnac(s plants, and o])ei'ate in paralkO 
with the five main stations of the i)ower companies. Tlu'.y 
are run at their maximum capacity, and all rogula(.ion of the 
power is effected by the main supply stations. The main 
distribution and transmission system is three-phase, and t lu* 
working pressure is 20,000 volts. 'The power is utilised 
chiefly in the engineering shops and shipbuilding yards 
situated on the Tyne and Wear, and as the purchasing com¬ 
panies have a market for their currhnt many tinuss greater 
than the output of any individual waste-heat station, it is 
possible to rUn these stations continuously at their fidl 
capacity, and to utilise to the host possible extent the* 
machinery installed- in them. Unfortunately for scientific 
purposes no figures have been published, or can bo obtained, 
for the thermal or working efficiency of those North-East 
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Coast waste-Iieat stations, and therefore it is impossible to 
say how the system adopted comj^^ares in practical value and 
economy with tlie waste heat stations situated in other 
countries. As the most notable and financially successful 
scheme of waste heat utilisation in the United Kingdom, 
however, the North-East Coast developments deserve first 
mention in any reference to the subject. 

The Blaydon and Rowlands Gill Developments .—In 
1904 -by-product coke ovens were erected at the coking 
works attached to the Priestman Collieries at Blaydon, 
near Newcastle, and a complete installation of water-tube 
boilers was added in order to utilise the waste heat of the 
ovens. At Blaydon there are ninety ovens, and the steam 
produced from the waste heat is employed to generate 
electricity in an up-to-date power station, which is worked 
in co-operation with the Newcastle Electric Supply Com¬ 
pany’s stations. At Rowlands Gill there is an installation 
of 200 beehive ovens, and in 1909 nine Stirling water-tube 
boilers were erected on the main flues which carried the waste 
gases from the ovens to the chimney. Two Bettington 
tubular boilers and four Stirling boilers, fitted with under¬ 
feed stokers, were added for the purpose of burning coke 
ballast—one of the waste products of the coking works—and 
also to provide an alternative source of steam power when 
the ovens were not working. 

The electric power station at Rowlands Gill contains four 
Westinghouse turbines, coupled to three-phase alternators, 
generating current at 6,000 volts for supply to the Newcastle 
Alloy Company’s Works in the vicinity of the generating 
station. As regards the working efficiency of the Rowlands 
Gill boilers, the following are figures given by A. D. 
Pratt in a valuable and important paper read before the 
American Society of Mechanical Engineers, in New York, on 
December 16th, 1916. The test, it may be explained, was 
made on one of the Stirling boilers rated at 161 H.P., and 
worked in connection with twenty-two beehive ovens pro¬ 
ducing coke from an average of 3,800 lbs. coal per hour, or 
173 lbs. per oven per hour. 


W.F. 
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Heiitiiig .... 1,(»10 H(juun^ 

Gan weight ..... 23,200 lbs. [hm* Ii<»ur, 

Gas per .square foot of h<‘atiiig Miirfa(M‘ . 1 1*4 lbs. ]H‘r licmr. 

Teni])eratnre • 

Entering boiler .... 1,720" F. 

Leaving l)oiI(‘r .... (530" F. 

Drop in t(nup(n'atur(‘ . . . 1070" F. 

H.P. (levelope(i .... IH7" F. 

Approxiniate rate of heat (ransf(‘r . 1-7 ILTh.U. ptn* .scpiare 

foot p(‘r hour ]H‘r 
(legr(‘t^ of t(‘nip(‘ra“ 
inre dithn'tniee. 

Draught (natural e.hinunw draughl) . 'bG iueh. 

ID^juacrM. 

The famous (bedeori 11 Company, of laogo, started (vxpend- 
ments in 1900 with t he objexd- of ut ilising ilm heat (sontained 
in the wa.ste gases from tlu‘. larger gas (mgines working with 
blast-furnace ga.ses, the luutt in th(^s(‘. gas(^s being estimattHl 
to amount to 050 caloric^s [ku* lu)rs(‘-j)owtvr hour. 'IIuj typt'^ 
of boiler the onginecu’s of tlu^ (V)ck(n‘ill Cornpaiiy (vvolved for 
the purpose consi.sted of a horizontal tubular boiler Hur« 
mounted by a vertical tubular economiser. 1'he gases which 
left the engine with a tcunpiu’atun** of 440" F. (uitercHl tlu^ 
boiler and were reduced in t ('(u>uomiH(n* to 230" F., whiles 
the water was heated up from 40" F. to 338'’ F. Tho watcu’ 
then passed into tlie boiler, wherc^. it- was c(mv(uied into steam 
at a pressure of 114 lbs. ])er H((ua-re iiuth. Four l)oilerH of 
this type had been installed by t lu^ (be.kerill (brtipany before 
the War broke out, atid were devedoping 5,000 IL P. Hteam 
was raised in tlui pr(>[K>rti()n of 1-03 11 )h. pen* K.ILP. develo|)(Ml 
by the g^is engine, and it was estimated tliat the*! boilers 
recovered 55 per cent, of thc^ heat of t-lu^ waste gmm, and 
increased the tliertnal ellknerusy of t gas engines l)y 13 per 
cent. 

The late M. Greiner calemlatcd that- with four gas engines 
of 1,500 H.P. eacdi the savings cdlectcHl l)y thc^ installation 
of waste-heat boilers would amount to £3,880 per annum. 
If it be accepted that a thermal efliciency of 30 per cent. im\ 
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be obtained iu tlu‘. gaw engine, tlien the addition of a waste- 
Jieat reeoveiyplani, would raise tlie efficiency to SSiiercent., 
or to donble thal^ of tlie boMt steam pjant. 

OnEMANY. 

Ah customaiy, most of the German records of trials and 
tests of wastti gasi's for Hteam-raising purposes are more 
s(!iimtilic and exact, in their form than those of other coun¬ 
tries. '■(’he most important and valuable of the results for 
(iomparalive pnr])os(!s are. those j-ecorded by Butow and 
Dobblestein in the mining paper Oluckauf. The tests related 
to trials witli the VVi'fi'r patented system of boiler firing with 



(toke-oven gas. 'Pliis system was designed to secure a better 
mixture of the combustible gases and air passing into the 
boiler furnace, and also to minimise the risks due to back¬ 
firing, or to explosions in the mixing chamber. In the early 
types of burnei's for boilers fired with coke-oven gas, the 
gases wme introducixl by .simple nozzles, air being supplied 
through openings in thi^ furnace front. Imperfect mixing 
of gas and air led to imperfect combustion. 

Fig. :M) shows the eoiustruction of the Terbeck burner, 
one of the first designed to secure a better admixture of the- 
gas and air. It will be seen from the sectional drawing of 
this burner that it is constructed on the Bunsen burner 
principle, and that, the primary air-supply is controlled by 
a ring-shaped valve, while a secondary air-supply is provided 
at the point where the mixed gas and air enter the com bus- 
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lioti (5haiul)(‘r of (lio boikvr. (iy tiui subslitulioii of this 
burner foi' iluit Iiitlieiio (>in|)loy<Hl jit. t lu^ c.olliin’y vvIuoh^ t 
test/H were carried out, Jiuiovv atul ])ol)bl(\st(‘in obtaitunl 
near'ly double thc^. evat)oratiou per sc^uarc' foot of luxating 
surface per hour, tlu^ increase^ being from 1*47 lbs. to 2d)3 lbs., 
and tlie steatn output per ton of (u)nvert(Hl (u)al risitig from 
782 lbs. to 1,320 ll)s. These figun^s provt^ (conclusively that 
witfi the older met hods of burning (coke-ovcm ga.s(‘s for steam 
generation enormous waste of lunit had (KC(uirr(‘(l from 
excessive or dcdicient air Hup|)ly. Tho Ttu’lxHck burner, 
however, while (piite eifiicient for regulating th(' air supplied 
to the burner, and for obtaining a good admixture of the 
gas and air, did not provide adecpiatcdy for tlu^ explosions 
due to ba6k-j5ring- and in order to ])rovid(c for this 
contingency the Wefer burner was bi'ouglit- out in 
Germany. 

In the W(rfci* system, gas flows from the main into the 
twenty-five iron pipew feeding the graphitic^ burner tubes 
tfu’ough a chamber, one end of which is formed by a hinged 
explosion, cap. This uncovers the full secition of the chamlxcr 
in case of back-fire, and (doses automaticuilly when the latter 
has expend(Hl its force. It also affords thorough access to 
the burner tulxcs. Air is supplicxl through a ring valve to ii 
separate chamlxu*, whemce it. (lows (con(?{mtri(5ally with the 
gas tul)e foj* a dist-amce, and is t-hiis thoroughly mixed with 
the gas before ignition. An (dght-hour test on a doubhc 
fire-flue boiler of 1,280 scpiare foet heating surface gav(^ f lie 
following results-* summarised : — 


St(cam ])rcHBur(‘. {gaug(c) 

Stcxirn t(‘.rnp(U'atur(^ .... 
Mt'an.gaH pn^HHtnv . 

Mean gas hunperattnv 
M(‘an (’.alorific. vahu^ of gas 

Exercss air supply .... 
Evaporation from and at lOO^ 0. 

Evaporation per square foot heating 
surface... 


178 lbs. 

31 r (I 

3*5 in(di(‘H watcu’. 

27" G 

461 B.ThdT. per mibi(^ 
foot, 

1-71. 

286*5 lbs. per 1,000 
cubic fex^^t of gas. 

4*47 lbs. per’hour. 
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Thorrual (‘llic.ieiicy . . . .71 per cent, (to satu- 

rated steam). 

8*2 per cent, (in super¬ 
heat). 

Total . . . . , 79-2 per cent. 

Forty-ciglifc Wefer furnaces, in 1912, had been in satis- 
facitory operation at the Victor Pit, Rauxel, for nine 
months. Assuming a boiler of 120 square metres heating 
surface to yield 18,000 tons of steam during 300 working 
(lays, it is shown that the costs per metric ton of steam are :— 
Wages, 3 pf. ; maintenance and cleaning, 2 pf. ; feed-water, 
5 pf. ; intercBt and depreciation, 10 pf. ; total, 20 pf. per 
ton (2|^Z.). "iliis figure may be compared with the average 
estimate of 1-6 marks (ISti.) per ton of steam, in coal-fired 
installations. 

Another series of trials carried out in 1914 with an 
improved form of Wefer burner gave the following results, 
the tests being carried out on a boiler with both fire-tubes 
fitted with the new burner :— ' 


Heating surface' 

(las analysis— 

OO 2 \ 

O . . . 

(10 

H 

OH4 

Heavy hydrocarbons 
N . . . 

Mean calorific value . 

Gas pressure . 


Flue gas(‘.s— 

. 

0 

(10 

Exc.ess air 3‘atio 
Furnace te mj)erature 


, 1,241 square feet. 

. 1*6 per cent. 

. 1-8 „ 

. 4-6 „ 

. 52-2 „ 

. 28-8 „ 

. 1-6 „ 

9-4 

. 428 B.Th.U. per cubic 

foot. 

. 5-8 inches (water) at 

35° C.; barometer, 
29-7 inches. 

. 8-3 per cenr. 

. 3-24 „ 

. Nil. 

. 1-16. 

. 1,425° C. 
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St(uim pi’CHHuro 

Stoiim prodiuicid 

(.jr 4 lH 

Evupomiioii . 


'iluvriiuil fo Huturaiod Hh^ani . 

Lohs by conduc.l.ion juul nuliaiiori 


12 H t in t> H p h IM'. H 

(K^iug(‘); 21)7*' iX at. 

7,211) lbs. |H‘r hour. 

21,85*1 cubic. per 
lumr. 

21)1 Ibn. per I,t)t)t) c.ulm*. 
ft‘ct. of gaH and frHl 
ll>H. Htcam per B«piar(‘. 
foot heating nurfae-t^ 
per hour, 

77‘b per cfuit., ineliid- 
ing HUp(*rlH*at, 84di 
per (unit. 

15*4 p(‘r eeiit. 


(!()ni])ariHoii with tlio (‘ai*li(U‘ icsst data shown a utd- gain of 
3-4 per cent, in ilu‘ tli(‘rnial (‘lliiuoney, (l(‘spitc^ t lw*- iner(‘as(^ 
ill evaporation from 4-47 Ihs. jan’ s(|im.r{* fool to 5*81 lbs. 

In the improved VVefer burntn’s uscsl for tli(‘H(‘ Itssts the 
coke-oven gases flow from th<^ gas cliamb(‘r through forty 
distributing tub(‘s, and ar(‘ d(‘liv(U’(‘d about two thirds the 
distance along tunnels in the* graphitt* burruu’ block, 
use of forty distributing tula^s in phuu^ of th(‘ twentydlvo 
of t-lu^ (‘arli(u* bunuu* s(‘cures a ladttu’ mixiuri* of the gas and 
air, ''rh(‘ lattcu* is admittxal through a, ring va.lv(\ and flows 
coiuamtrically witli tlu^ ga.s tub(*s to tlu‘ mixing eharnbm* at 
the burner luuid. '‘I'Ik^ original Form of VVehu* lauau'r 
extendcal into t]u‘ fir(‘ tub(‘ of tlu‘ boihu* for a distantu* of 
2 feet , but. t he improv(*d form is built on to a t ulndaiM'Xten- 
sion of tlu^ furnace front, and thus tin* whole Icmglh of the* 
(ire4u.b(‘ of tlu^ boihu* is a.vailabl<‘ for luud trarishux 

'To ])rovid(^ for ba.c.k firing and (‘xplosions a cmitral t ida^ 
8 indies indiameUu* is inserttal in th(‘ Imrner, with a simple 
explosion valv(‘ on its outer (md. caunbustion ehamb(*r 

is lined wit h fire-brick, and in ord(‘r to promote* more* |M*rfi*ct 
combustion of the ga.s(‘s, a p(*rforal(*d [ilale and n bank of 
short. t.ub(*s of (ire* (4ay arc* mountcal in thc^ firc' tidM* of the* 
boil(*r. At. Ih(' Viedor Pit, wheua* thc‘S(* trials of the* Wc'fer 
burner have’s beam earrical out. a. gasonu‘t(*r with a cuipacnty 
cf l,4()0,()0b cubic^ f(*et lias beam (‘rc'ctcal in order to secure* a 





WASTE GASES EROM OVENS AND FURNACES 135 

steady pressure of gas when delivered to the burners. As the 
gas is now being stripped of all its benzol in a by-product 
recovery plant, the thermaL value of the gas is not so high 
as it was at the time of the tests. 

In comparison with the above tests of the Wefer burner, 
figures given by Ortmann in the August, 1913, issue of 
Stahl und Eisen for the results of tests made with blast¬ 
furnace and coke-oven waste gases may be quoted. The 
boiler xxsed for blast-furnace gas had 968 square feet of 
heating surface, and was provided with an economiser. The 
thermal efficiencies in three separate tests were 79-4 per cent., 
76*8 per cent., and 82-7 per cent,, giving a mean of 79-6 per 
cent. The other boiler had a heating surface of 925 square 
feet, and showed in two separate tests efficiencies of 74*9 per 
cent, and 80-2 per cent., when fired with coke-oven gas, the 
mean in this case being 77*5 per cent. The calorific value of 
the gases and other details are not available in this case, so 
it is impossible to say whether the burner used was as 
efficient as the Wefer burner. 

United States. 

Although America possesses no plant or scheme so notable 
as that found in the South Durham coal and iron districts for 
the utilisation of waste heat, a large amount of practical 
w'ork has been carried out, and in a paper presented at the 
1916 annual meeting of the American Society of Mechanical 
Engineers Mr. A. D. Pratt gives a useful review and summary 
of what has been achieved in connection with this problem 
across the Atlantic. 

The design and operation of boilers for utilising the waste 
heat of open-hearth steel furnaces, cement kilns, copper 
furnaces, beehive coke ovens, and heating furnaces generally, 
are discussed in this interesting paper, and from it the 
following particulars are extracted of the waste heat installa¬ 
tion at the plants of the H. C. Frick Coal and Coke Company, 
at York Run, Pa., and of the Indiana Steel Company, at 
Gary, Ind. 

At York Run fifty beehive coke ovens are connected to 
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three Stirling boilers provided with standard type of baffles, 
and 3,600 square feet of heating surface each. The test 
extended over a full week’s run of 168 hours, and there were 
on the average forty-four ovens in service, coking coal at the 
rate of 13,800 lbs. per hour, or 314 lbs. per oven per hour. 
The weights of gas and temi^eratures varied considerably 
during the week, the lowest temperature noted being 
1,500° F., and the highest 2,075^ F. The exit temperatures 
varied from 475° F. to 550° F., and averaged 490° F. The 
gas consumed in this test, expressed as lbs. per hour, was 
83,650, and expressed as lbs. per hour per square foot of 
heating surface, was 7-7. The drop in temperature of the 
gases in passing through the boilers was 1,314° F., and the 
horse-power developed amounted to 824, or 76 per cent, of 
the rated capacity of the boilers. The approximate rate of 
heat transfer was 3*2 B.Th.U. per square foot per hour per 
degree of temperature difference. 

The above represents the results obtained with an early 
installation of boilers for utilising the waste gases from 
beehive ovens, and later installations in the United Htates 
of America show considerable improvement upon these 
results. 

At a more modern plant, provided with a specially designed 
Babcock & Wilcox boiler, eighteen sections wide, each 
section made up of 26 feet by 20 feet tubes, and thus provid¬ 
ing 10,200 square feet of heating surface, the draught is 
furnished by a turbine-driven induced draught fan, and a 
much higher rate of heat transfer is obtained, due to the 
greater speed at which the gases are passed through the 
boiler. The results of two tests with this boiler are shown 
on p. 137. 

The performance of this first boiler has been so satisfactory 
that six additional units have been ordered by the owners of 
this coking plant, the only difference being that there are 
twenty-seven, sections instead of eighteen, and that each 
boiler possesses 15,300 square feet of lieatiiig surface, 
equivalent to a capacity of 9,180 H.P. for the six units. 

The utnisation of the waste heat from open-hearth steel 
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furnaces has been ])raotise(l for many years in America, and 
accoixling to f^ra-tt (see pajxvi‘ already quoted), there are 
already installed or on oixier boilers capable of producing 
1)0,000 H.l\ from this type of waste heat alone. These 
l)oiler‘s ar'c (ioiuiected to 100 open-hearth furnaces which 
prodxice annually over nine million tons of steel, and experi¬ 
ences has sixown that tlirough the use of these waste-heat 
boiler’s the net cost of ])rodu(*4.ion is reduced by 20 to 25 cents 
per* ton, and that a total economy of 1,840,000 dols. is earned 
on the above output of steel. The fear that the installation 



’.. 'n 

No. 1. 

No. 2. 

(las consiuucd, lbs. ])cr Iloui* 

125,600 

155,100 

(las per s(|uai’c foot of li(‘-atiiig surface 



per liour ..... 

12-2 lbs. 

15-2 lbs. 

T(‘, rape ratu res.- 



lulct to boilers .... 

2,329® F, 

2,158° F. 

Exit froin l)oiIcrs .... 

463® F. 

477° F. 

Drop in temperature 

1,866® F. 

1,681° F. 

Pow(vi' (Uweloped .... 

1,750 H.P. 

1,956 H.P. 

P('r (uuit. of rated ea])aeity of boiler . 

172 

192 

A])proxiinate rate of lu‘at transfeu’ * 

5-6 

6-8 


I^xr)roHH(*(l iiH B.Th.IJ. per Hquaro foot per hour per dogreo of tomi)CTaturo 
dirTor(‘noo. 


of waste-heat boilers, witli their fans and other accessories, 
would cut down the production of the open-hearth steel 
furnace has proved gix)undless, for the figures show that the 
improved draught resulting from the use of fans leads to a 
reduction in the time of the separate heats, and increases the 
tonnage capacity of the furnace. 

''Fhe installation o^ waste-heat boilers at the Gary Works 
of the Indiana Steel Company consists of twenty-eight special 
six-drum Rust type of boilers, equipped with special cross 
l)affles, in order to give th(^ desired gas velocities over the 
heating surfa(*.es. Each boiler has a heating surface of 
4,880 square feet, and that to which the following test 
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relates developed under test 393 H.P., or 80*6 per cent, of its 
rated capacity:— 

Gas weight ..... 83,434 lbs. per hour- 

Gas per square foot of heating surface . 17-1 lbs. per hour. 


Temperatures— 

Entering boiler 
Leaving boiler 
Drop in temperature 
Draught at boiler inlet 
Draught at boiler damper . 

Loss in draught 

Approximate rate of heat transfer 


. 1,155° F. 

530° F. 

625° F. 

. P47 inches. 

. 3-95 „ 

. 2-48 „ 

, 6*92 B.Th.U. per square 

foot per hour per 
degree of tempera¬ 
ture difference. 






PART IL—SCIENTIFIC CONTROL 


CHAPTER IX 

FUELi SAMPLING AND TESTING 

It is an accepted truism that the sampling of any com¬ 
mercial product is quite as important as .the analysis of 
the sample obtained ; for if the sample be badly taken, and 
therefore be not representative of the bulk, the results from 
the commercial standpoint are valueless. 

It is necessary, however, to repeat this caution when 
writing upon the subject of scientific standards of fuel 
valuation, for part of the suspicion with which the new 
system is regarded is attributable to the faulty and slipshod 
methods of sampling that have been adopted in the past, 
and to the unfair valuation of the fuel based on the test 
results obtained in these cases. 

The sampling of a 100- or 1,000-ton delivery of fuel 
requires to be carefully carried out by a properly trained 
man, in accordance with certain definite rules, if the sample 
finally obtained is to be representative of the whole delivery. 
The widely prevalent idea that any man armed with a shovel 
can sample fuel must be eradicated before much progress 
along the lines of scientific valuation can be made. The 
objection urged against employing i)roperly skilled men for 
sampling is, of course, that of expense. If the thing is to be 
done at all, however, it must be well done ; and the saving 
effected by employing unskilled labour is negligible when 
compared with the amount of money involved. 

Naturally, there comes a point in the purchase of fuel 
when the cost of sampling and testing is too heavy in relation 
to the value of the fuel bought to render the system econo¬ 
mical or practical. Every fuel contract over 100 tons, 
however, carries enough profit to payfor sampling and testing, 
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and if the cost of the latter be divided between all the parties 
to the contract it is too small to be of any importance. 

A skilled and trained sampler with two or three nnskilled 
labourers, and proper equipment, can control the regular 
sampling of 1,000 tons of fuel per day, and, if necessary, 
could look after the interests of two or three purchasers at 
the same yard. The man selected as head of the gang, 
however, must be well paid ; for the work is of great import¬ 
ance and demands a high degree of intelligence. Profes¬ 
sional samplers also have more need of strong character and 
moral backbone than the ordinary man, since attempts to 
bribe them to betray their employers’ interests are customary 
and very often successful. A good and honest sampler is 
therefore well worth his wages and should be treasured by his 
employers when once found. 

Methods of Sampling Solid Puels. 

The fundamental principle or aim of all sampling is to 
obtain a small portion of the material to be sampled which 
shall be thoroughly representative of the original car, truck, 
load or heap of fuel. This can only be secured by the 
exercise of great judgment and care in the sampling work. 
There are three conditions which must be observed in order 
to obtain a fair sample of fuel containing both large and 
small lumps : 

1. The original sample taken must be large enough to 
represent all portions of the bulk, and a fair proportion 
between large and smalls must be maintained. 

2. The sample must be reduced by repeated crushings, 
mixings and quarterings to the small quantity required for 
the actual test. 

3. In order to continue the crushings and quarterings 
up to the required degree of fineness, it is necessary to dry 
the sample at some intermediate stage. A wet or damp 
sample of fuel cannot be ground to pass through a 60-mesh 
brass wire sieve, which is that used for the final stage of fuel 
sampling. 

^ When fuel is shipped and samples have to be collected 
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from cars or bargeis, a large jsamj)le, varying from (>00 to 
1,500 lbs., will be required. It must also be romembert^d 
that the jolting of a railway car will send the small c.oaJ and 
dust to the bottom. In a barge the finer coal and smalls 
are found most generally in the centre of the cone-shapcal 
pile or heap of fuel under each hatch, and the larger lumps 
are found round the base of the conical heap. In neither 
case, therefore, can a fair sample be obtained by merely 
taking a shovelful from various parts of the top of the (jar, 
of outside of the heap. It is only on dischai^e of the fuel 
that a fair sample can be obtained. 

G. S. Pope, in Bureau of Mines Bulletin No. (>3, on the 

Sampling of Coal Deliveries,’’ gives the following directions 
concerning the collection of gross samples of fxiel 

When coal is being unloaded from waggons, railroad 
cars, ships, or barges, a shovel or a specially designed tool 
may be used for taking portions or increments of 10 to 301 bs. 
to make up the gross sample of coal. As the size of the 
increments should be governed by the size and weight of 
the largest pieces of coal and impurities, increments of more 
than 30 lbs. may be required for coals containing large pieces 
of coal and impurities. 

‘‘ The portions should be regularly and systematically 
collected, so that the entire quantity sampled will be repre¬ 
sented proportionately in the gross sample. The interval at 
which the portions are collected should be regulated, so that 
the gross sample collected will weigh not less than approxi¬ 
mately 1,000 lbs. If the coal contains an unusual proportion 
of impurities, such as slate, bony coal and pyrites, and if the 
pieces of such impurities are very large, it will be necessary 
to collect gross samples of even 1,500 lbs. or more ; but for 
slack coal and for small sizes of anthracite, if the impurities 
are not in abnormal proportion or in pieces larger than 
about f inch, and if the'impurities are evenly distributed 
throughout the coal, a gross sample of approximately 600 lbs. 
may prove sufficient. The gross sample should contain the 
same proportion of lump coal, fine coal andjmpurities as the 
coal delivered. As the portions are collected they should be 
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deposited in a receptacle having a tight-fitting lid provided 
with a lock. 

'‘A gross ^sample taken by hand from coal delivered by 
waggon at a Government building should consist of shovel¬ 
fuls of coal taken from every first, second or third waggon 
load as it is being discharged, the number of shovelfuls taken 
and the loads sampled being dependent on the number of 
loads which the gross sample is to represent. If the coal is 
discharged immediately into a crusher, it is preferable to 
collect shovelfuls of the crushed coal. 

‘‘ Samples taken from railroad cars should not be limited to 
a few shovelfuls of coal procured from the top of a car, for 
the size of the coal and the proportion of foreign matter may 
vary from the top to the bottom of the car. 'Fhe only way 
to obtain a representative sample is to take a number of 
shovelfuls or portions of coal from different points in a car, 
from top to bottom and from end to end, while the coal is 
being unloaded. 

In sampling cargoes, as in sampling carloads, portions of 
coal should be taken in equal quantities and at frequent and 
regular intervals, so as to represent propoitdonate parts of the 
consignment as a whole, either while the coal is being loaded 
or unloaded. There is no assurance that a sample or a 
series of samples taken from the top of the cargo represents 
the cargo as a whole ; in fact, it is very doubtful if siuih 

samples are ever representative.” 

« 

The crushing, mixing and reduction of the sample to a 
smaller bulk may be either carried out by hand or by crushing 
machinery. Where a large number of samples have to be 
dealt with, some form of mechanical crusher is essential. 

In small works and boiler houses, where no mechanically 
operated crusher is available, however, the following method 
is recommended :— 

'' At the end of the day, or period for which the sampling is 
to be carried on, the heap of fuel obtained for sampling 
purposes, as described above, is transferred to a sampling 
plate, and the larger lumps are all crushed down to walnut 
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size. Should no sampling plate ])e available, fpur of the iron 
plates used for covering manholes and boiler flues may be 
utilised to obtain a hard, clean surface on the floor of the 
boiler house, and the crushing down of the sample may bo 
carried out on these plates, with any heavy and flat lump of 
iron at hand. 

'' The Iieap of fuel, after this first crushing, is thoroughly 
mixed by turning over and over witli a spade. It is then 
flattened down, two lines are made across it at right angles 
with the edge of the spade, and two of the four opposite 
sections are selected to form the reduced sample. The 
lumps in this are again crushed, the sample is again mixed, 
and the qu.artering operation repeated, until about 8 or 
10 lbs. of fuel only remain, with no lumps that will not pass 
through a |-inoh sieve. Two 2 lb. tins, with patent lids, 
are filled from this remaining heap of fuel, after thoroughly 
mixing the same with the hands or with a small shovel.’’ 

Pope, in the bulletin already quoted, suggests the following 
scheme of crushing for samples treated by hand 

Size to which Coal 
and ImpiiritioH 
Hiiouid 1)0 broken 

Weight of Sample to bo divided. before each DiviHion. 

J ,000 lbs. or more . . . . .1 inch. 

500 ... . I „ 

250 . i „ 

125 „.I „ 

60 . . . . . . • i j> 

Aa regards mechanical crushers, the small crushing mill 
illustrated in Fig. 40, for samples containing lumps up to 
2 inches cube, is quite satisfactory. It can be operated eitlier 
by hand or eloctcibity and crushes to a fineness of ^>(5 inch. 

This mill, however, is not adapted for crushing samples of 
more than 28 lbs. weight, or for dealing with samples of fuel 
containing much bone or slate; coke also is sometimes very 
hard and difficult to crush in a small mill. For large samples 
of this kind it is necessary to have recourse to the use of a 
more strongly-built crusher, and that illustrated in Fig. 41, 
which is a combined crushing and sampling mill, is recom¬ 
mended for the work. 
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The fuel is fed into the hopper in 3~iuch pieces or finer. 
It is first nipped by the top crusiiiiig niembers and is sub¬ 
jected to gradual reduction until discharged at the periplieiy 

below. A sample spout is 
placed opj^osito the discharge 
opening and is arranged to 
remoye a certain percentage of 
the product, 5, 10 or 15 as the 
case demands. 'The sample, 
thus secured is exactly repre¬ 
sentative of the whole, including 
the slate, sulphur, or otlier 
impurities. 

As the illustration shows, the 
machine is simple, massive and 
Fig. 40 .-SmaIl^toning Mill for compact, and is strong enough 

to crush all the impuiuties that 
occur in fuel. The machine runs at a slow speed without 
vibration on any floor, and can be instantly adjusted for 
fine or coarse work while 
in operation, by simply 
turning the handwheel. 

It may be set as fine as 
i inch or as coarse as 
I inch, and delivers a 
uniform product. 

The final sample of 
fuel after the operations 
described above should 
amount to about 8 lbs. 
in weight and must con¬ 
tain no lumps that will 
not pass through a J-inch 
mesh sieve. It is well 
mixed with a small 
shovel or scoop, and 
three 2-lb. tins withpatent lids are then filled from it. These 
form the laboratory samples and must be kept in a cool place 





rio. 41.—Sturtevant Grinding Mill for 
Coal Samples. 
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until opened for examination and test. Each sample tin 
should bear a label giving full particulars of the date of 
sampling, the origin of the fuel and any other information 
regarding it that may be necessary for proper identification. 
In cases where a large number of samples are being dealt 
with at the same time, considerable care is necessary to 
prevent confusion of the samples, and the use of written 
labels is all the more urgent. For testing purposes, tlxe 
samples may be marked simply A, B, 0, etc., if the original 
sample tins bear corresponding letters in addition to the full 
details as to the fuel and date of sampling. 

Fuethee Reihtotion of the Samples in the Laboeatoey. 

The 2-lb. samples of fuel when opened in the laboratory 
are first passed through a »^j^-inch mesh sieve, and the portion 
of the sample that remains on this sieve is ground down to a 
finer state of subdivision by aid of a No. 3 Kenrick mill, 
shown in Fig. 42. 

If the fuel be very wet, or if the sample contains many 
pieces of shale, this more direct method of preparing the 
sample must l)e modified to meet the circumstances. The 
excessive moisture can be removed by spreading out the 
whole of the sample on three or four thicknesses of newspaper 
and by leaving it exposed to the air for several hours in a 
warm ({orner of the laboratory. Very wet samples should 
have tlie uppermost sheet of tlxe paper removed two or three 
times, as newspaper is very absorbent and takes up much of 
the moisture from the fuel. It is also well to mix and turn 
over the fuel several times during this air-drying. 

As regards the larger hard lumps of shale in the 2 -lb. 
sample, these should be picked out and crushed in the 
steel mortar used for the final grinding of the fuel sample, 
since if these lumps are very hard they may break the grind¬ 
ing teeth of the mill or become jammed in it. Care must be 
taken that none of the pieces of shale are lost during the 
breaking down in the steel mortar, for shale possesses little 
heating value, and the proportion of it present in the final 
sample Iras considerable influence upon the heat vahie of the 


%V.F. 
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fuel. For this reason, the steel mortar and grinding mill 
should be covered with a perforated card when crushing 
shale, as the harder the lumps the greater is the tendency for 

the pieces to jump out and 
become lost. 

After the preliminary 
crushing in the mortar, the 
whole of the shale must be 
passed through the Kenrick 
mill, and the ground mate¬ 
rial be added to the general 
body of the sample, which 
will now occupy double the 
volume of the original 
sample and resemble a 
heap of coarse black gun¬ 
powder. 

The sample is thoroughly 
mixed by transferring it to 
a funnel-shaped tin vessel with the outlet stopped by a 
cork, as shown in Fig. 43. As the coal is run through this 
on to a sheet of paper, the funnel is 
slowly moved around so as to dis¬ 
tribute the sample equally on all 
sides of the pile. The heap is 
then flattened out and quartered 
as already described, and another 
mixing of the two quarters selected 
to form- the reduced sample is 
carried out with the aid of the 
mixing funnel, in the manner 
described above. This oj)era- 43.—Mixing Ifunnel 

tion is repeated again and again, until only about J lb. 
of fuel remains. This is divided into two equal portions, 
one of these being used for the tests and the other reserved 
in a stoppered bottle until the tests are completed, in case of 
any mishap or mistake i?i tl^e examination of the first portion 
of the sample, 




Fig. 42.—Kenrick Mill for preimring 
Laboratory Samx)le. 
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The final outcjoine in, two {small portionn of the fuel in a 
finely divided state, which are quite representative of the 
whole l)nlk, be it 10, 20, 50 or 100 tons. By a fnither 
grinding and reduction of one of these samples a small 
portion of fuel, weighing only one or two grams, can be 
obtained wlnhOi will still l)e thoroughly representative of the 
original deliv(vry of fuel. 

'The mc'-thods of sampling described above relate to solid 
fuels of a hard stone-like character, and these methods 
require modification when applied to the preparation of 
samples of lignite, peat, wood, and other similar fuels. 

In these cases, wlien the fuel cannot be broken down by a 
crushing-mill of tlie type shown above, it is best to prepare 
the sample with tlie aid of a coarse joinei*’s saw ; the saw¬ 
dust ” ol)tained then foiming a fairly representative sample 
of all the blociks of fuel which are sawn tlirough in the course 
of preparing the same. Another method of obtaining 
samples of peat, wood, and lignite is to bore holes in the 
blocks with a joiner’s auger or brace-and-bit, and to collect 
tlie fragments of material that come out of the holes—but 
sawing the blocks gives a more representative sample. It 
must bo remembered, however, that the frictipn of sawing 
generates heat, and that the saw-dust obtained as sample 
will bc". drier than the original block from which it is obtained. 
In cases where the perc5entage of moisture is important, 
therefore, the determination must be carried out upon 
fragments of the original sample, and not upon the saw-dust. 

The sampling of liquid fuels is best carried out in the tank 
or other vessel in which they are stored for use. * The con¬ 
tents should be thoroughly mixed by blowing air through 
them, or with a large wooden plunger, and an iron or glass 
tube of I inch or | inch bore, open at both ends, should be 
employed for collecting the sample. When the tube is 
lowered slowly into the tank until it touches the bottom and 
the upper end is closed with a rubber cork or with the 
thumb, a fair average sample of the whole depth of liquid is 
obtained. If preferred, the sampling-tube can be closed 
before it is lowered, and equal portions of the liquid can then 
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be (!<)Uc(iU'(l from dilTeiviif levels ef the tank by wit hdrawing 
the st()]»})er when tlu' tub(' has bt'C'n lewerisl to llie re(tnired 
depth. 

This niethnd of sanr|)lin}j; is ((nile satisfae.lory for th<! 
oi-dinary fuel-oils like c.reosoli', but is not so af»i)lieable to 
the satn[>ling o| tar and piteh and in these eases a really 
fair averaj?e satnpk' (aui only bt' obtained by eolleeting ecpial 
portions of the li(|nid as it is being run off /ro/from the still 
or stills in whie.h it is ])rc‘pared. If tar 1 k> sampled on 
(hdivm-y, a portion ought to Ih> taken from eaeh vt^ssel as it 
is emptied into the storage tank, for it. is tUflkmlt to mix 
larg(» (piantities of (!old tar in a tank by the methods that are 
sat'isfae.tory for less vis(!ons fuels. 

l*ikh, when it has attained tlui solid state, is an even 
more diffieult fuel to samph', for, altlumgh easily broken 
into smaller pieces when (piiti' <!old. it cannot ground in 
the ordinary mill, and tla* dust, from dry pit(;h is highly 
dangerous, and prodms's a. diseas(> known as “ pitch eanccr.’' 

therefore, should always Ix' sampled when hot, and 
in the licpiid stale, if this is practi(table. 

'I'llI'! IjAllOHATORV FXAMINATION. 

All fuel contains carbon, o.xygen, hyilrogmi and nitrogmi, 
with sulphur and certain incombustible mineral matters, 
sue.h as iron-o.xidc', lime and magnesia.. 'I'hese laltiu' on 
combustion of the fiU'l combine with the sulphur to [iroduci^ 
tlu'ir respective sulphati^s, and form the ash. Moisture is 
also jiri'sent , even in mim^ samples of fuel, chielly, however, 
as a mechanically held impurity. 

'I’he chemical ('xamination of a coal samfile may therefore 
cover the determination of the percentages of the elenumts 
and compounds above imumerak'd, in which casc^ the analysis 
is said to be an “ekmumtary ” one ; or it may cover the 
determination of the [lercenlages of the {iroducts formed 
when coal is healxxl eithm- in a closed crucible or in the 
pri'sence of air. In the la.|.ter ca,s(>, t lu' analysis is said to 
be an “ appro.vimate ” one. 

For the purposes of t he purchasm' of the fuel, t lu; appro.'ci- 
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mate analysis is much the more useful, since it indicates what 
proportion of the fuel will escape as a gas when it is first 
heated, what proportion will remain as coke on the bars 
of the grate, and, finally, what percentage of the total fuel 
is a mere impurity in the shape of ash. When the figures for 
the actual heating value of the fuel; as determined by a 
reliable calorimeter, are added to the results of the approxi¬ 
mate analysis, the engineer is provided with all the informa¬ 
tion ho can require concerning the character and value of the 
fuel. 

If the 2-lb. sample has been crushed and reduced to small 
bulk within 30 minutes, without recourse to air-drying, the 
moisture can be determined quite easily by heating 10 grams 
of the reduced sample in a copper or aluminium air bath at 
230° F. (110° 0.) for two hours. The loss of weight undergone 
by the sample in this time, multiplied by 10, gives the 
percentage of moisture in the original sample, and therefore 
approximately in the whole bulk of the fuel. A desiccator 
must be employed for cooling the sample before weighing, 
as perfectly dry, finely divided fuel absorbs moisture from 
the air and gains in weight, even wliile being weighed on the 
balance. It saves time, however, if the crucible be allowed 
to go nearly cold in the air with the lid on, before being placed 
in the desiccator. On no account must the crucible be 
placed on the balance pan and weighed while still hot, as 
this will show an increased weight. The crucible must be 
covered during its heating in the air bath, and the lid should 
not be removed while weighing. 

In those cases where it has been impossible to carry to 
completion the repeated crushings and reductions of the 
sample, owing to the wet state of the fuel, the sample is 
reduced as far as practicable by hand crushing upon iron 
plates, and a rough sample of 50 to 100 grams, according to 
the bulk of the original, is dried by heating in the air bath 
for four hours at 110° C. The loss in weight of 100 grams 
of fuel gives the percentage direct, but the results will not 
be so accurate as those obtained from the smaller sample, 
owing to the fact that wet or damp fuel cannot be thoroughly 
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mixed. For this reason, moisture contents above 6 per cent, 
are always somewhat unreliable, and if any limit is placed 
upon the moisture permitted in the deliveries, due allowance 
must be made for this error. 

On the other hand, in hot weather, the coal is losing 
moisture during the whole sampling and crushing operation, 
and if this covers a long period of time, the final sample will 
contain 2 or 3 per cent, less moisture than the coal as 
delivered. 

In those cases, therefore, where the contract arranges 
for fines to be imposed for excessive moisture, it is necessary 
to have a special sample taken, and rapidly crushed for the 
purpose of the moisture determination. 

The Approximate Analysis op Fuels. 

The further tests of the fuel that will now be dealt with 
embrace the tests for ash, volatile matter, coke, and fixed 
carbon. All these tests are carried but with the 10-gram 
sample of fuel used for the moisture test, after this has been 
weighed and the loss on drying determined. 

The whole of this 10-gram sample is' first reduced to a 
very fine state by grinding it in a steel mortar and by 
repeatedly passing the ground sample through a 00-mesh 
sieve, until nothing remains on the sieve. This operation 
demands much time and patience when very hard fuels or 
those containing much slate and scale are being dealt with. 
On no account, however, must the work be shortened by 
rejecting the lumps and particles that are hardest to grind ; 
for, as a rule, these are the least valuable portions of the 
sample and have the most effect upon the ash and calorimeter 
tests. As stated in the introductory part of this chapter, 
correct sampling is the basis of correct testing ; and if the 
sampling be badly or carelessly performed, the whole of the 
test results are vitiated. The time spent in preparing the 
sample must not be curtailed, therefore, by omitting to 
observe any of the rules or precautions given above. 
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The Ash Test. 

The finely ground sample is well mixed with a large spatula 
on a glazed sheet of paper and is re-dried in the air bath at 
230^^ F. for half an hour, in order to expel the moisture taken | 

up during the final grinding operation. J 

The ash test is made by heating 2 grams of this sample 
in a No. 00 size porcelain basin, over a Bunsen-burner flame, | 

until all the hydrocarbon gases are driven, off and the fixed ^ 

carbon that remains is completely burnt away. The heating 
should be carried out very gradually, in order to give the ' 

hydrocarbon gases opportunity to escape without caking J*; 

the coal; for if the coal cakes and a hard lump of coke forms, 
the combustion of the fixed carbon will prove a very lengthy I, 

process. If the preliminary heating has been sufficiently f 

slow, however, the particles of coal will remain quite detached ^ 

one from the other, and the burning-off of the fixed carbon 
can be completed in half an hour. The heating should be 
continued until no black specks of unburned carbonaceous i 

matter are visible in the gray or reddish coloured ash. ^ 

In order to obtain more rapid combustion of the fixed : I 

carbon, it is well to support the basin upon an asbestos I 

board, cut to fit it, and to tilt the tripod stand upon which ! 

this asbestos board is placed. The CO 2 and other gases ^ 

produced by the Bunsen burner then pass away without | 

interfering with the supply of air to the fuel in the basin, 
and the combustion of the fixed carbon will occur more ; 

rapidly. When the process of burning-off is quite finished J 

the basin and its contents are allowed to cool, and the weight | 

of the latter multiplied by 50 gives the percentage of ash in | 

the dry fuel. An average fuel will contain 5 to 8 per cent. J 

of ash. Washed (or picked) samples of good coal will contain 1 

as low as 3 per cent, of ash, while poor fuels and dirty slacks . 

contain up to 16 and 20 per cent, of ash. In order to find the 1 

percentage of ash in the wet fuel, the results are multiplied ;i 

by a factor denoting the percentage of dry fuel in the coal as | 

delivered. For example, if the fuel contains 10 per cent, 
of moisture, every 10 tons as delivered will contain 100 
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— 10 = 90 tons of dry fuel, and the factor for conversion of 
the ash test will be 0-9. 

Volatile Matter, Coke, and Fixed Carbon. 

Volatile matter, coke, and fixed carbon, tests arc all carried 
out by heating 1 gram of the finely ground sample in a 
closed platinum crucible until all the hydi*ocarbon gases are 
expelled, and then weighing the residue. The test is thus 
a simple and expeditious one. iSeveral precautions, 
however, must be observed in order to obtain, reliable and 
concordant results, and the test must always be carried out 
under the same conditions as regards the size of crucible, thxi 
gas pressure and the height of flame used. 

The crucible should be T4 inches high and 1*1 inches in 
diameter, and should be provided with a very close-fitting 
cover. It must be supported on a platinum-wire triangle 
made by twisting together three pieces of thieJx platinum 
wire, and by mounting these in the c^entre of an. ordinary 
clay pipe-stem triangle. This enables the flame to play all 
around the crucible and prevents any access of air to its 
contents during the heating. The Bimsen burntvi’ must 
produce a flame at least 7 inches high under the normal 
conditions of gas supply, and the crucible must be suppoi’ted 
on the tripod in such a way that its bottom is not more tlian 
1-| inches above the top of the burner. A circular screen 
must be arranged round the burner and tripod stand to 
prevent side draughts, and it is well to carry out the test lUKler 
a draught hood, since much smoke and soot are prodiuKHl 
when bituminous fuels are being dealt with. 

Having prepared this apparatus and made a trial heat 
of the empty crucible in order to see that it is completely 
enveloped in the flame, and that no air has access to its 
cover, the 1 gram of dry, finely ground fuel is carefully 
weighed into the crucible, and, the cover being placed in 
position, the heating is started with the full pressure of gas. 
The crucible will attain a red heat in about half a minute, 
and the evolution of the hydrocarbon gases, which escape 
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and burn around the lid of the crucible, will commence 

immediately after tliis. 

As a rule, the evolution of these gases lasts 1 to 1-| minutes, 
and the character of the flame and time during which the 
gases escape enable one roughly to class the fuel as bitu¬ 
minous, semibituminous or anthracitic. When the last 
luminous candle ” has disappeared from above the lid, 
and the transparent flame of the Bunsen burner is seen once 
again, the gas is turned off, the crucible allowed to cool, and 
at once weighed, in order to determine the loss of weight. 
Since 1 gram of fuel was used for the test, the loss of weight 
multiplied by 100 gives the percentage of volatile matter 
contained in the dry fuel, while the. weight of the 
button of coke multiplied by 100 gives the percentage of 
coke. 

When testing highly bituminous fuels containing 30 to 
40 per cent, of volatile matter, a thick deposit of soot will be 
found on the under side of the crucible cover, and also a 
thick deposit of flaky graphite on the inside walls of the 
crucible, due to the decomposition of the hydrocarbon gases 
at a red heat, in the absence of oxygen. The weight of these 
combined deposits amounts in these cases to about 15 milli¬ 
grams, or to 1*5 per cent, on the test. Should it be thought 
wise to make corrections for these deposits, the following 
method may be used. 

The soot can be removed easily before weighing the 
crucible by first wiping the inner side of the cover with 
cotton wool and then raising it to a red heat in the tip of a 
Bimsen-burner flame. The crucible containing the coke 
button must be kept covered by another closely fitting lid 
in the desiccator while this cleaning of the soot-covered lid 
is carried out. It is more difficult to allow for the graphite. 

If the crucible be inverted and tapped gently after the final 
weighing, the button of coke at the bottom will become 
detached and fall out, while the graphite will adhere to the 
walls of the crucible. Any particles of coke that remain on 
the bottom of the crucible can be detached easily with a. 
spatula or forceps, and on re-weighing the crucible, with only 
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the graphite inside, one obtains the coiTectioii necessary for 
the weight of the latter. 

As a general rule this amounts to between 6 and 9 milli¬ 
grams. It is deducted from the coke and added on to tlie 
volatile matter; for this graphite, it must be remembered, 
has been formed by the decomposition of portions of the 
escaping hydrocarbon gases at a red heat. 

A lead counterpoise, which just balances the platinum 
crucible and lid, facilitates the rapid weighing of tlie crucible 
and its contents for the coke test, since the weights used tlien 
represent directly the weight of coke and graphite in the 
empty crucible* From these the percentages of volatile 
matter and fixed carbon are easily calculated. 

The exterior of the platinum crucible used must be kei)t 
bright and clean by rubbing with wet sea sand after each 
test, and frequent adjustment of the lead counterpoise will 
be necessary in order to allow for the slight loss of weight that 
results from this cleaning. 

As an example of the figures obtained in the coke tost 
the following may be given, it being assumed that a lead 
counterpoise has been used to balance the crucible and lid 
and that the soot has been removed from the crucible lid in 
the manner described. 

Grams. 

Weight of fuel used ..... l-OOO 

Weight of button of coke and grapJiite left in 
crucible. . . . . , . 0-707 

Weight of graphite alone .... 0-009 

The graphite represents decomposed hydrocarbon gases, 
so 0-009 is deducted from 0-707, and one obtains O-ODS as the 
correct weight of the button, of coke. Multiplied l)y 100, 
this gives 69*80 per cent, for the coke test and (deducting 
69*8 from 100) 30-20 per cent, for the volatile-matter test 
of this fuel. 

The fixed-carbon percentage is also obtained from these 
same figures by deducting from the .coke percentage the 
percentage of ash found in the earlier test. Assuming that 
in this case the ash was 15 per cent., we have (69*80 — 15) 
54-80 per cent, for the fixed carbon. 
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These result a are all on the dry fuel sample, and if the 
tests arc required for the fuel as delivered, the method of 
correcting by a factor, as already described under the ash 
, test, is employed. 

This completes the approximate analysis of the fuel, and, 
as shown, when once the sampling operations have been 
properly performed and a finely ground sample of the dried 
fuel is available, these tests can be carried out in from IJ to 
2 hours ; for while the carbon of the 2-gram sample is being 
burnt away for the ash test, the coke test can be proceeded 
with and finished. 

It must be understood that the coke and volatile matter 
tests are what chemists term "'empirical” tests—^that is, 
they represent not original or permanent constituents of the 
coal, but decomposition products, obtained when the coal 
is heated—^therefore the results will vary with the tempera¬ 
ture attained and with the time for which the heating is 
continued. Unless, therefore, the test is carried out each 
time under exactly similar conditions, concordant results 
cannot be expected. 




CHAPTER X 


CALORIMETRIC TESTS FOR SOLID, LIQUID AND GASEOUS FUELS 

The laboratory determination of the calorific, or heating, 
value of a fuel is carried out by burning a weighed amount 
of the dried sample in oxygen in a vessel immersed in water, 
and by noting the increase of temperature of the latter 
resulting from the heat generated by the combustion. If 
the weight of the water by which the sample is surrounded 
be known, and if the whole of the heat be abstracted from 
the gaseous products of combustion, the rise in temperature 
of the water, multiplied by its weight, gives the number of 
heat units developed by the burning of the fuel. Two sets 
of units are in use—^the British thermal unit, or B.Th.U., 
which represents the heat required to raise I lb. of water 
through V E.; and the calorie, or metric unit, which 
represents the heat necessary to raise 1 gram of water 
through 1° C. 

If large quantities of fuel be employed in these deter¬ 
minations, the heat losses due to tlie size of the apparatus 
required, and to radiation, are proportionally high and 
difficult to allow for. The chemist surmounts this difficulty 
by taking great care in the preparation of the sample used 
for the calorimetric determination and by working with a 
comparatively small amount of fuel. The general practice 
is to use only 1 gram of fuel for the calorimeter test, and 
special precautions are therefore necessary to obtain the 
required degree of accuracy in the weighing and temperature 
measurements. Some chemists prefer tcf work with only 
one-half this amount, and, in this case, the rise in temperature 
of the water is usually less than TO. and all corrections for 
radiation losses can be dispensed with. Very accurate and 
standardised thermometers, which can be read tO jJ^^y^th of one 
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degree, are needed, however, when working with such small 
amounts of fuel. 

used for the combustion, although air would 
be more in accordance with the conditions of practical work. 
The difficulties of igniting and burning a coal sample in a 
current of air, in a confined space, without smoke and soot 
production, are so great, however, that oxygen has been 
generally accepted as the only possible substitute. 

Two methods of its application are in use. Either the 
fuel sample is burned under normal atmospheric pressure 
in a calorimeter of the submerged bell ’’ type, or the fuel 
is burned under high pressure in the bomb ” type of 
calorimeter. In skilled hands either method gives reHable 
and concordant results, but since the decomposition products 
of coal vary in character with the temperature, the calorific 
values obtained by the bomb are higher than those obtained 
by the bell. 

Wlien using either the bomb or the bell type of calorimeter, 
it is essential to have some protection against temperature 
exchanges between the vessel holding the measured volume 
of water and the outside air. Fig. 47 shows the form used. 
An outer water-jacketed vessel containing a stirrer encloses 
an inner air space, in which the nickel-plated highly polished 
vessel containing the water is supported on three small heat- 
insulating corks. When in position, the nickel vessel is thus 
surrounded by an air jacket and a water jacket, and if a 
round asbestos board or plate with the necessary openings in 
it for the thermometer, electrical ignition wires and oxygen 
supply tube be employed to close the top of the vessel, the 
temperatxire exchanges with the outside air will be reduced 
to a minimum. Fig. 47 also shows the mechanical stirrer 
used at the end of the test to obtain a thorough mixture of 
the water in the inner vessel. Electrical ignition is requisite 
with both types of calorimeter. 

A small briquette-or tabloid-mould completes the apparatus 
roquircHl for fuel calorimetric work, since if it be attempted 
to burn the fuel in powdered form, it will be found that low 
results are obtained. This deficiency is due to portions of 
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the fuel being blown oii to the metal base of the bell when 
t also the aeh which »b»-. 

and covers the lower layers of fxiel as the combus ^ 
approaches completion. This necessity for pressing the fr ed 
into small pellets or briquettes extends also to bomb te. .., 
since, if the fuel be in powdered form, some portion of i m 



Fig. 44. —The Barling type of Calorimeter. 


thrown against the internal walls of the bomb by the force 
of the explosion, and there escapes combustion. 

Bituminous fuels as a rule will form pellets, or briquettes, 
by pressure alone. In cases where sufficient tarry matter 
is not present in the natural fuel, just sufficient of a 1 per 
cent, solution of gum arabic to make the. particles of fuel 
adhesive may be employed as “ binder.” For half a grain 
of fuel, three small drops of such a solution are sufficient. 
The pellets, or briquettes, must be heated in the air bath at 














Fig. 45.—The Mahler-Donkin Bomb Cover 
and Holder for the Fuel Sample. 

work can be obtained only by attention to small details 
which cannot be given in this chapter, readers who wish 
to make themselves competent in this branch of fuel- 
valuation are referred to the handbook named below for 
more complete and detailed information on the subject.^ 

The Darling bell form of calorimeter is illustrated in 
Fig. 44, and consists of a glass bell jar closed above by a rubber 

^ “ Fuel, Water and Gas Analysis for Steam Users,” by J. B. C. Kershaw, 
Constable & Co.. London. 2nd Kevised and Enlarged Edition. 1920, 
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230° F. (110° C.) at least four hours to expel the last traces 
of moisture thus introduced before testing in the calorimeter. 

Two standard forms of the ''bell” and " bomb ” types of 
calorimeter will now be described, but it must be understood 
that many different makes of these two types are in general 
use, and that practically all accurate calorimeters belong 
to one type or tlie other. Since accuracy in calorimetric 
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cork and provided with a glass flange below, ground quite 
level on its lower side. By the aid of rubber rings, a circular 
brass ring and small milled screws and nuts, the glass bell 
can be firmly fastened down upon a brass support, through 
small holes in the baseplate of which the gases produced by 
the combustion of the fuel have to pass before they can 
escape and bubble up through the water. In order to break 
up the bubbles more completely, a piece of brass gauze may 
be fixed on the bell as shown, or better still, a copper spiral 
may be fixed above the brass base, and all the gases produced 
by the combustion forced to pass up this spiral before they 
escape through the water. One of these copper spirals will 
be found of great service in extracting the last traces of heat 
from the waste gases in all calorimeter work. A brass tube 
for leading in the oxygen, and two copper conducting wires 
for ignition purposes, pass through the rubber cork of the 
beU jar. 

The Mahler-Donkin bomb calorimeter is shown in Figs. 45 
and 46. It consists of a massive gun~metal cylinder provided 
with three projecting screwed stud-pins for bolting down the 
cover. This is shown in Fig. 45 supported on a labora¬ 
tory tripod stand. The cover is provided with a milled- 
head screw valve for regulating the inlet of oxygen, to the 
cavity inside the bomb. It also possesses an insulated con¬ 
ducting wire, which runs through the (;over and terminates 
above the brass wire ring used for supporting tiie small 
platinum capsule, or crucible, containing the fuel. Thin 
lead wire is used to make a tight joint between t!ie bomb 
proper and its cover, a circular groove in the cylinder top 
having as its counterpart a projecting ring on the underside 
of the cover. 

The bomb is tested up to 1,800 lbs. pressure before it is ■ 
sent out and is plated inside with gold in order to withstand 
the action of the, nitric and sulphuric acids produced by the 
combustion of the fuel. Fig. 46 shows the boml) with the 
connection completed to the ignition ap})aratns, and ready 
for firing the charge. Twenty to twenty-five at^n()s|)h(^res is 
the usual pressure used in these tests-that is, ZOO to 375 lbs. 
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It. is advisabks tlu'irofoi'c, to have a small back-pressure valve 
iiiHoi'tcd iti the millod-head screw in the bomb cover, in order 
to avoid a gre^at loss of gas when disconnecting the oxygen- 
Hupply pipe and gauge from the bomb, after filling the same 
with oxygen. 

At this pressuix'. the combustion of the coal is practically 


instantaneous, and the thin platinum wire used for ignition 
pufjioses will generally bo found fused, owing to the high 
temperature momentarily attained. In order to protect 
the platinum oapside or crucible from the same effect, and 
from tlie action of the molten slag produced, it is necessary 
to lino it with a thin ashestos board, out and shaped to fit 
the eruciblo, or (‘a))Hulo, This board nmst be dried and 


l^ia. 4(i.—Th(^ Mahlur-Doukin Bomb, and (Containing 
VoHi^iol ready for a tcHt. 
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ignited before use in order to remove all matter that might 
vitiate the test results. 

Further details of the method of operating the Malik'r- 
Donldn and other bomb-type calorimeters/will be found in 
the handbook already referred to. 

As regards the comparative advantages of the t.wo types 
of calorimeter for regular routine fuel-testing wot^k, tlu^ bell 
apparatus is less costly to set up and maintain in working 
condition, and the glass bell, if carefully used, will outlast 



Fig. 47.— The Water Jacket and Stirrer for the 
Calorimeter Tewt. 


two or three bombs with gold or enamelled linings. I'lio 
only durable type of bomb is that with a platinum lining, 
and at the present price of platinum the cost of such a bomb 
is prohibitive. Further advantages of the boll typo are that 
the combustion is visible, it being possible to observe its 
progress through small holes cut in the asbestos cover of the 
calorimeter, and that being carried out under only a slight 
plus pressure it is more in accordance with the (ionditions 
obtaining in practical work than the combustion in 1 Ik^ bom b, 
which attains the violence and rapidity of an explosion. 
The rate of burning the briquettes or pellets in the bell can. 
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in fact, be brought into exact ratio with the rate of combus¬ 
tion in the boiler furnace. A calorific value obtained under 
such conditions is of more practical value than one obtained 
by instantaneous combustion under 400 lbs. to 500 lbs. 
pressure, with the attainment of a temperature at which 
platinum melts. The decomposition products of coal vary 
considerably in composition with the temperature attained 
during their evolution, and it is reasonable to assume that 
the gaseous products evolved in the bomb under the condi¬ 
tions obtaining during a calorimeter test are quite different 
in composition and heat value from those evolved at much 
lower temperatures and under normal pressure. For 
scientific work the bomb is, no doubt, preferable to the bell; 
but for everyday use and for the practical requirements of 
boiler houses and large works the bell type has much in its 
favour. 


Liquid Fuels. 

The methods used for determining the calorific value of 
liquids are similar to those employed for solid fuels. Liquid 
fuels, however, consist chiefly of rich hydrocarbons ; the 
combustion must, therefore, be carried out under pressure 
in the bomb, for if it be attempted in the bell type of calori¬ 
meter soot is produced owing to imperfect combustion. 
In weighing and transferring the liquid fuel to the bomb, 
carriers consisting of small cylindrical blocks of pure cellulose 
are used, one of these blocks being able to absorb several 
times its own weight of any ordinary fuel oil. The saturated 
block, after being weighed, is burned under the conditions 
and with all the precautions necessary for solid fuel, the only 
difference being that a rather higher pressure is used, in 
order to obtain a greater supply of oxygen gas in the bomb. 
A blank test with the cellulose alone gives the necessary data 
for the calculations. As liquid fuels contain only traces of 
acid-forming elements, no trouble arises from corrosion, and 
a bomb provided with a gold lining will last for some hundreds 
of tests. 

As regards the special precautions necessary to obtain 

M 2 
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correct results when testing liq^uid. fuels, it must be pointed 
out that the absorbent cellulose blocks sold for this purpose 
absorb moisture as well as oil, and that it is necessary to dry 
them before use for one or two hours in the air bath at 
212° F. When saturated with heavy oils of high boiling 
point they are also somewhat difficult to ignite, and it is 
advisable to place a little of the dry unsaturated cellulose in 
a loose condition around the platinum ignition coil of wire 
in order to avoid failure of the test from this cause. As 
the cellulose blocks are large in proportion to their weight 
and absorbent capacity, a larger platinum dish will bo 
required than for the tests with solid fuel, and the pMinura 
ignition wire should be arranged to hold down the cellulose 
block lest the explosive violence of the combustion blow it 
out of the dish. 

Gaseous Fuels. 

The increasing extent to which gaseous fuels are now 
employed for purposes of power generation, either directly 
in internal combustion engines or indirectly under steam 
boilers, renders it useful to 'consider the laboratory methods 
by which such fuels can be tested and their heat value 
gauged. 

The calorific value can of course be determined in the l)omb 
calorimeter, but the difficulty of obtaining an accurately 
measured volume of the gas in the bomb withoxit loss, and 
the very small volume that can be accommodated for each 
test, has led to the design and manufacture of special forms 
of gas calorimeters. These are all based on the same prin¬ 
ciple—^namely, that of burning the gas in air under a stoiwiy 
and uniform pressure in some form of standard burner, and 
of absorbing the heat generated in a vessel through which a 
constant and uniform stream of water is flowing. They are 
thus “ flow calorimeters,” as opposed to the static condition 
obtaining in the calorimeters used for solid and liquid fuels. 

The chief problems of their design and use arc (1) to o btain 
the required uniformity in the flow of water and gas ; and 
(2) to assure the absorption of the whole of the heat of the 
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combustion gases. The thermometers used must be carefully 
calibrated, and most exact measurements of the water and 
gas employed are of course necessary in order to obtain 
reliable results. The standard of measurement for the 
calorific value of gases in this country is the British thermal 
unit, and the resixlts are generally expressed as B.Th.U. per 
cubic foot of gas consumed. In countries where the metric 
system is adopted the results are usually expressed as 
calories per cubic metre, the large (kg.) calorie being 
employed in place of the small (gramme) calorie. To 
convert kg. calories pex' cubic metre into B.Th.U. per cubic 
foot it is necessary to multiply by 0*1123, while to convert 
B.Th.U. per cubic foot into kg. calories per cubic metre, the 
factor is inverted and becomes 8*898. The calculation of 
fhe calorific value of the gas is therefore made by multiplying 
the weight of water expressed in kg. (or lb.) flowing through 
the calorimeter in a given period of time by the rise in 
temperature expressed in degrees C. (or F.) and dividing the 
product obtained by the volume of gas burned in the same 
period of time, expressed in cubic metres (or in cubic feet). 
It is customary to measure the water in a graduated cylinder, 
but if great accuracy is required it is better to weigh it. 
In any case the gas volume as measured by a calibrated test- 
meter reading to the hundredth of a cubic foot, must be 
corrected to the standard temperature and pressure. 

KSeveral different forms of gas calorimeter have been 
designed anii -placed on the piarket, but two only will be 
described—the Junker form and its latest modifications, and 
that designed specially by Professor Boys, to suit the needs 
of the London Gas Companies, when they first adopted the 
calorimetric standard for testing in 1909: 

JuNKBB Calorimeter. 

The earlier form of the Junker gas calorimeter suffered 
from several disadvantages, but in its latest form, as now 
used in Germany and America, some of these defects have 
been remedied or modified. Apart from the gas meter and 
pressure regulator which are common accessories to all gas 
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Boys’ Calorimeter. 

Owing to the general adoption of gas for domestic heating 
and of the incandescent mantle for illuminating purposes, 
many of the leading gas companies and undertakings in the 
United Kingdom have obtained legal sanction during the 
last few years for the change from the photometric to the 
calorific standard of value, and the Boys’ calorimeter is now 
adopted as the standard instrument for testing the quality 
of the gas supplied to the public in all large towns. The 
instrument consists essentially of an outer vessel of sheet 
brass, with a central chimney of thick sheet copper. Attached 
to the lid of this vessel is a brass box, which carries the out¬ 
flow pipe and acts as an equalising chamber for the water 
flowing through the calorimeter. The lower or pendant 
portion of the box is kept cool by circulating water, and, is 
connected at its lowest point by a union to six turns or spirals 
of copper pipe, similar to that used for motor-car radiators. 
A helix of copper wire is wound round this pipe and sweated 
on to it, in order to accelerate its action in absorbing the heat 
of the gases. A second pipe and helix of similar form 
surrounds the inner one, and is connected to it at the lower 
end by a union. This second spiral terminates at its upper 
end in a block, to which the inlet water-box and thermometer- 
holder are secured. Between the outer and inner coils which 
carry the water is placed a brattice made of thin sheet brass 
and filled with cork dust. This acts as a heat-insulator 
between the two coils. A cylindrical wall of thin sheet brass 
is secured to the lid, and serves to protect the coils of copper 
pipe, with their surrounding helices of wire, from injury, when 
these are removed from the calorimeter for cleaning purposes. 
The two thermometers for reading the water temperatures, 
and a third which may be added for reading the temperature 
of the outer air, are all near together and at the same level. 
The lid may be turned round into any position relative to the 
gas inlet and condensed water drip that may be convenient 
for observation, and the inlet and outlet water boxes may 
themselves be turned so that their branch tubes point in any 
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direction. Xhe instrument is convenient also in its small 
height, the thermometers being comfortably read when the 
instrument is standing on an ordinary table. 

In order to prevent corrosion of the metal surfaces by the 
continued soaking action of very dilute sulphuric acid and 
dissolved oxygen, the whole of the coil system can be lifted 
up out of the vessel when the measurements have been made 
and placed in a jar containing a very dilute solution of 
carbonate of soda. 

The water contents of the coil and equalising box of the 
Boys’ instrument are only 300 cc., and of the vessel up to the 
overflow 400 cc. The designer justifies his inversion of the 
usual arrangement of small gas space and large water space 
by stating that the latter leads to irregular outlet tempera¬ 
ture. In his opinion the gases should have sufficient space 
to pass slowly through the calorimeter, while the water 
should be taken rapidly through every channel strictly in 
series with the complete avoidance of parallel flow. The 
small water pipe used in his design, fortified with heat¬ 
collecting ribs or wires, carries sufficient water to absorb 
the whole of the heat present in the hot gases. Tcists 
indicate that the form of construction yields variations only 
of -01° or *02*^ C., with a total rise of 24° C., and that in from 
ten to fifteen minutes after lighting up, the calorimeter is 
giving uniform readings. 



CHAPTER XI 


tub design and management of furnaces and boilers 

FOR HIGH EFFICIENCIES 

The fundamental requirements of a good boiler are that 
It shall produce a maximum quantity of dry steam with 
the oorisumption of a minimum amount of fuel, and that it 
shall also possess some reserve of steaming power. For 
power plants whictt intend to make use of good lump or 
well-graded small coal, the choice lies between the large 
shell tyj)e of boiler, such as the Lancashire, the horizontal 
multitubular marine, and the large water-tube boiler. 

The advantages of the former over the latter types are 
that its much larger water contents contain a big reserve 
of heat units, and that it can respond to a sudden demand for 
steam witliout much forcing or loss of pressure. It can also 
bo used with a hard water supply, with less risk to the 
boiler than the water-tube type, since the cleaning of plates 
from scale is more easily carried out than the cleaning of 
partially stopped-up tubes. 

I he disadvantages of the Lancashire shell type of boiler 
are its water-cooled furnace, which sometimes leads to in¬ 
complete combustion and smoke production with highly 
bituminous fuels, and its poor circulation, which leads to a 
low steam-raising capacity for the volume of water con¬ 
tained. The former disadvantage can be overcome by the 
use of a preheated air supply and artificial draught, while 
the latter defect can be remedied by any of the well known 
devices for displacing the water from those pockets and 
corners where no movement occurs naturally. With these 
improvements in its method of working, the Lancashire 
type of boiler is one of the most reliable for use with ordinary 
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well-screened slack or coal testing up to 12'5 or 15 per cent, 
ash. 

It is quite a mistake to suppose that bituminous fuel 
testing up to 35 per cent, volatile matter cannot be burned, 
in these boilers without excessive smoke production, for 
with proper regulation of the air supply and some arrange¬ 
ment for admitting secondary preheated air at the bridge 
or through the furnace door, during the period of maximum 
evolution of the hydrocarbon gases, high efficiencies and 
smokeless combustion are possible. There are many of these 
air-regulating devices on the market. 

The Lancashire shell type of boiler, however, is not 
adapted for burning low-gi*ade fuels with high ash contents, 
since these demand some form of brick-lined combustion 
chamber and mechanical ash-handling equipment for their 
satisfactory combustion. The comparatively restricted 
furnace and ash space of the Lancashire boiler is inadequate 
for these additions. When low-grade fuels, either in the 
dust or lump form, are to be burned, therefore, the large 
water-tube boiler must be adopted. 

In large plants where the power demand is considerable 
and a battery of ten to twenty boilers is required, it is the 
wisest course to install boilers of each type, so that the 
plant, regarded as a whole, may possess the special advan¬ 
tages of each. The battery of Lancashire boilers would 
thus be fired with the better classes of fuel, either by hand 
or by mechanically operated stokers, and would be relied 
upon to provide the main steam supply and to take any 
bad feed water that came along. The water-tube boilers, 
on the other hand, would be operated with mechanical 
stokers and the poorer classes of fuel, and would provide 
steam for the periods of exceptional activity. 

' In very large plants a Bettington vertical tubular boiler^ 
might also be included, in order to make use of the fine 
coal dust which collects on the floors and ledges of the 
mines. This would only require drying in order to yield a 
fuel of high calorific value, and its removal from under- 

^ See Fig. 22, p. 78, for illustration of this boiler. 
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ground would increase the safety of the operations. The 
dust from a large number of mines would be required, 
however, to keep one of these boilers in constant operation, 
and its installation is only suggested where the conditions 
warrant the exj)enditure. 

As regards the method of gasifying poor fuels, described 
in Chapter 1., either type of boiler can be adapted 
for gas-firing, but the form of burner employed must be 
different in the two cases. A long conical luminous flame 
is required in the Lancashire type of boiler and a spread¬ 
ing non-luminous diffused flame in the water-tube boiler. 
The difference is due to the fact that in the former case 
the greater portion of the heat which is transferred to the 
water passes through the plates of the boiler, chiefly by 
direct radiation from the flame itself, while in the latter 
case the brickwork is the chief source of radiated heat. 
With suitable burners and baffling arrangements, however, 
high efficiencies, up to 70 per cent, and over, are attainable 
with gas-heating, and if the Boncourt system of flameless 
combustion be used, still higher efficiencies are possible. 

This Design and Setting of Boilebs. 

The general conditions which must be observed in the 
design and setting of either type of boiler, if high efficiencies 
are to be obtained, are the following : 

{a) The furnace grate and combustion chamber of the 
boiler must be adapted to the physical and chemical charac¬ 
teristics of the fuel to be burned, and the heated gases 
should not be allowed to come into contact with the water- 
cooled plates or tubes before perfect combustion has been 
attained. 

(b) The plates or tubes which are in contact with the 
water on the one side and with the hot gases on the other 
should be of ample superficial area to raise the steam required 
under normal conditions from each boiler, without undue 
forcing of the fires, and the internal design should be such 
that the discovery of any corrosion or cracks may be made 
easy during the periodic inspections. 
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(c) All portions of the heating surfaces exj^osed to radia¬ 
tion or contact with the hot flame and gases should bo 
constantly covered with, water, and the accumulation of 
scale on these surfaces should never be allowed to exceed 
J inch in thickness. 

{d) The circulation of the water in boilers of the internally- 
fired Lancashire type should be promoted by some mecha¬ 
nical means at the dead points, notably underneath the ash 
boxes. 

{e) The side and end flues of the boiler should be provided 
with mechanical scrapers, in order that flue dust may be 
regularly removed without interfering with the work of 
the boiler. Poor draught, especially when burning low-grade 
fuels, is often caused by the blocking of the flues with dust 
which ought never to have been allowed to accumulate. 
The poorer the fuel the more frequent should be the cleaning 
of the flues. 

(/) In water-tube boilers the arrangement and nximber 
of the baffles have great effect upon the efficiency, and it is 
a mistake to assume that one fixed arrangement of the 
baffles is the best for all classes of fuel. The experiments of 
Henry Kreisinger and W. T. Ray upon ‘‘ The Adaptation of 
Boiler Furnaces to Available Fuels ” prove that there is 
great scope for improvement in this direction in the majority 
of existing water-tube boilers. This paper appeared in the 
Journal of the, Wesfern Society of Engineers for November, 1913. 

{g) The outer brickwork of the boiler setting should be 
air-tight, since the infiltration of air into the flues through 
faulty bricks and cracked joints not only spoils the draft, 
but leads to large heat losses. It is well to build the outside 
walls with a 3-inch air space enclosed between the two 
thicknesses of brickwork, and to paint or tar the outer wall 
at frequent time intervals, in order to close all cracks and 
joints. In some cases sheets of asbestos or iron plate have 
been built into the wall for the purpose of rendering the 
brickwork air-tight. The boilers at the new Ashley St. 
Station, New York, described in Power for October' 9th, 
1917, are an example of good construction in this respect. 



{h) The exposed portions of the boiler shell and main 
steam pipes should be covered with a thick layer of some ' 

good heat-insulating material, in order to reduce convection ; 

and radiation losses. The spongy substance obtained by 
blowing air through slag as it solidifies, and known as | 

“ silicated cotton ” or “slag wool,” is one of the best materials ‘ 

for this purpose. The heat lost by radiation from uncovered i 

boilers, especially when they are unprotected from atruo- j 

spheric influences, is far greater than is suspected. 

'.rhe diagram, Fig. 48, shows that under normal good ' 

conditions nearly one-fourth, or 24 per cent., of the heat of j 

the fuel consumed in boiler furnaces is lost either by radiation j; 

or with the waste gases. It is wise, therefore, to take all 
possible precautions when installing boilers to reduce these |: 

two items of loss to a minimum. The fuel saved by even a 
5 per cent, reduction of these losses would speedily pay for 
the better material or skill put into this work. 

The methods of checking and controlhng the work of 
the boilers will be dealt with in Chapter XII., when the . -i 

losses in the waste gases will be more closely examined. I 

It may be stated here, however, that the three essentials j 

required for good combustion and high efficiency in the ' ; 

burning of fuel are : (a) a sufficiency but not a great excess 
of air ; (ft) a thorough admixture of this air with the volatile i 

hydrocarbon gases produced when the fuel is heated; j 

(c) a temperature sufficiently high to cause the ignition and | 

complete combustion of this hydrocarbon gas and air I 

mixture. 

The poor evaporative results obtained in many steam- 
boiler plants are due to the utter failure to maintain one or 
more of these three conditions of good combustion, and | 

this failure is quite as often due to faulty design of the 
furnace and combustion chamber of the boiler as to want of 
skill on the part of the fireman. 

Thus condition (a) demands mechanism or apparatus 
for controlling and regulating the air supply, condition 
(h) requires means for mixing the air and volatile hydro¬ 
carbons, and (c) necessitates the provision of combustion 
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demands more air than one which contains only glowing 
coke and cinders. As already stated, many forms of regu¬ 
lating devices have been brought out, but are seldom used ; 
yet no hand-fired boiler ought to be allowed to work without 

one or another of these attachments. 

1 he best types of furnace for hand-fired boilers are pro¬ 
vided with closed ash pits ; with the mechanical or auto¬ 
matic devices described above for regulating the air-supply ; 
and with means for providing a controlled supply of pre-' 
lieated air at the bridge or end wall of the furnace^ for use 
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.m.a. 49. —Efficiency Diagram for a badly-managed Boiler Plant, 


during the periods of maximum evolution of hydrocarbon 
gases. The length of each furnace should not exceed 6 feet 
or its width 3 feet, since this is the limit of size which one 
man can cover with fuel by aid of a shovel in a reasonable 
time. 


Air Leakage should be Guarded against. 

The corners of the grate on each side of the'door should 
be fitted with nearly straight firebars giving very slight air 
apertures between them, since it is in these corners that 
much air leakage into the furnace may ordinarily occur, 
with bad effects upon the efficiency. The superficial grate 
area and dex3th of fuel bed must be adapted to the fuel 
buiMied. It is a mistake to assume that the conditions which 
suit one fuel are also the best for another of different com- 
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position and physical structure. The rate of combustion 
and.depth of fuel bed which will give the best results under 
given conditions of draught can only be ascertained by 
actual trial. The average figures of 15 lb. of fuel per square 
foot of grate area per hour, with a fuel bed 8 inches thick 
and a draught equal to | inch water gauge behind the fire, 
may be widely departed from in practice. 

In small power plants a hand-fired boiler equipped as 
described above, and placed under the charge of a well- 
trained man, can show quite as high efficiencies as any type 
of mechanically operated furnace. It is only where larger 
boiler installations are concerned, or when low-grade fuels 
are to be burned, with the production of large amounts 
of clinker and ash, that mechanical stokers show any 
economic or other advantage. 

Considering now the maintenance of the three essentials 
of good combustion in mechanically operated boiler furnaces, 
it is evident that with a regular and constant fuel feed, and 
no opening of the furnace doors for firing or cleaning pur¬ 
poses, the regulation and control of the air supply becomes 
much simplified. The maintenance of condition (a) of good 
combustion is therefore provided for in all the best-known 
types of mechanical stoker, but conditions (6) and (c) are 
not always observed, especiaiiy when burning fuels which 
evolve large amounts of combustible gases. 

Brick-lined combustion chambers which store up heat, 
and assist by radiation in maintaining a high temperature 
in the furnace, are particularly useful in such cases. A 
large amount of heat is absorbed when these gases are being 
evolved from the freshly charged fuel, and unless this can 
be supplied from the furnace walls, the fires are damped 
down every time fresh fuel is spread over them. 

On account of the restricted size of the furnaces and flues, 
the provision of refractory lined combustion chambers is 
not possible in the Lancashire type of boiler. In this respect 
it is at a disadvantage when compared with the water-tube 
and other boilers, possessing an independent fmmace and 
grate. In many instances, however, the combustion chamiber 
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of these boilers (as originally planned and erected) could be 
enlarged with advantage, and the raising of the boiler shells 
and tubes on their supporting framework 18 to 24 inches 
has often led to a considerable increase in the efficiency of 
the boiler. 

As regards the methods for attaining a thorough admixture 
of the air and volatile hydrocarbon gases in mechanically 
operated stoking appliances, steam-jets, hot-air jets, and 

baffling ” are the devices employed. 

The use of steam-jets is the most popular, but unless 
carefully controlled these jets consume much more steam 
than is suspected, and lead also to excessive losses of heat 
in the chimney gases. Steam consumptions of from 4 
to 8 per cent, of the total steam generated are quite common 
with these aids to more perfect combustion. The steam 
also has an erosive action on the jets, so that these are 
continually passing more steam than they were designed for. 

A small pump to provide hot air, and arrangemelits for 
forcing this air under pressure into the combustion chamber 
at selected points, in order to produce whirling and eddying 
effects upon the burning gases, is the better method of aiding 
the chemical changes in the combustion chamber. If this 
plan be combined with the skilful use of baffles,'’ the 
efficiency of the furnace will be raised to its maximum point. 
As already stated, striking effects can be obtained in some 
cases by altering the number and arrangement of the baffles 
in water-tube boilers. 

The best method of baffling, however, can only be found 
by actual trials with the selected fuel; and no one arrange¬ 
ment of the baffles, will suit all classes of fuel. 

Finally, it may be pointed out with respect to mechanic 
cally operated furnaces that it is a mistake to assume, as is 
often done, that when once the best rate of fuel feed and 
speed of travel of the fuel along the grate has been deter¬ 
mined, for any particular grade of fuel, the boiler can be 
left in charge of common labourers or unskilled men. The 
lesson taught by experience is that mechanical stokers 
demand skilled supervision and management if they are to 
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yield their liighest results. The economic gain resulting 
from their use lies chiefly in the fact that one skilled operator 
can attend to double or treble the number of boilers he 
could attend to if these were hand-fired. 

The labour costs are therefore considerably reduced, but 
this saving is often balanced by the interest charges on the 
capital represented by, and upkeep charges upon, the 
mechanical portions of the plant. 

In those places and districts, therefore, where there are 
plenty of intelligent men available who can be trained to 
make good firemen, it is perhaps unwise to install mechanical 
stokers, unless the other circumstances of the case render 
their adoption desirable. 

An adequate supply of air has been shown to be an essential 
requisite for good combustion. If this air can be heated 
before entering the boiler furnace or the combustion chamber, 
the temperature attained and efficiency of the steam-raising 
process will be considerably increased. 

The usual method of obtaining the necessary supply of air 
to the furnace and combustion chamber in the past has been 
that of relying upon the chimney which carried away the 
products of combustion. Chimney draught has, however, 
never been entirely satisfactory, even when aided by the 
use of steam-jets ; and in modern boiler plants either forced 
or induced draught apparatus is installed. 

The assumption that chimney or natural draught costs 
nothing is quite fallacious, for not only is the capital outlay 
upon a chimney 150 to 200 feet high considerable, but its 
efficiency for producing draught depends upon the heat of 
the gases which pass up. Thus to produce a suction equal 
to 1 inch on the water gauge at the base of a chimney 150 feet 
high, the temperature of the exit gases must be 600® F., and 
below this limit the draught will fall off considerably. ’ But 
with the exit gases at 600® F., the heat lost will amount to 
between 17 and 33 per cent, of the fuel burned, the 33 per 
cent, loss corresponding to 6 per cent. COg in the exit gases. 
The cost of chimney or natural draught with fuel at Us. per 
ton, therefore, varies from 2s. 6^d, up to 4s. i>er ton of 
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fuel consumed, over and above the interest and upkeep 
charges for the chimney. 

Where new equipment is being installed, fan draught is 
in all cases the more economical and efficient; for not only 
can the fan be run at the speed best suited to the fuel being 
burned, but the draught can be altered according to the load 
on the boilers. With fans, also, the heat can be abstracted 
from the exit gases to the lowest possible limit without any 
fear of decreasing the draught, and the preheating of the air 
supply becomes a much more practicable and efficient 
proposition. 

As regards the choice between the two systems of forced ” 
and “induced’’ draught, each method has its advantages, 
and the local conditions must be studied carefully in each 
case before deciding which to install. If the fan is placed 
behind the boilers at the foot of the chimney ; that is, if the 
induced draught system be used, the heat losses by air 
leakage through the brickwork of the boilers and damper 
holes may be as high as with chimney draught, unless great 
care is taken to make the boiler and flue brickwork air-tight. 
For this reason, the “forced ’’-draught system is preferred 
by many engineers. In this case, if leakage occurs, the 
pressure is from within ; and the smoke or flame that 
escapes from the crack calls attention to the loss at once. 

As regards the draught required to burn ordinary lump 
coal or a well-screened slack, 0-33 inch on the water gauge 
should be registered behind the bridge wall of the boiler 
furnace and 0-45 inch in the main flue behind the boiler, 
with either natural or induced draught. It is advisable to 
be a.ble to increase these pulls up to 0-50 and 0-70 inch 
respectively, when circumstances require it. 

A fixed-draught gauge, with the face dial marked in tenths 
of an inch, ought to be attached to every boiler furnace, so 
that the firemen may be able to judge of the pull on the fiu- 
naces and state of their fires without opening the furnace 
doors. Similar draught gauges should also communicate 
with the main flues and the base of the chimney, in order that 
the engineer in charge may be kept informed as to the state 
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of the draught on the whole steam-raising plant, With 
forced draught apparatus the need for gauges is just as 
urgent, but the places where they are installed must be 
altered to suit the system. 

Advantages of Fan-Draught. 

The following extract from a paper on “ Fuel Economy,” 
read by the writer, in conjunction with W. H. Booth, before 
the Institution of Electrical Engineers in London, sum¬ 
marises the advantages of fan-draught:— 

“ Fan-draught must, therefore, be considered in the light 
of enabling an economy in chimney construction to be 
effected, and full use made of feed-heating apparatus. It is 
also useful as enabling boilers to be forced to rapid steam 
production, and presents itself as a safeguard against sudden 
load in lighting stations, and as a means of surmounting the 
load peak without excessive boiler plant. Fan-draught is 
thus useful as a means of reducing capital expenditure on 
chimneys and boilers, by promoting the rate of combustion 
of fuel at higher rates per unit of grate area. It enables the 
thickness of the fire to be regulated in better accordance with 
the fuel size and generally promotes elasticity. It is also 
useful in enabling the hot gases to be compelled to pass over 
all the heating surface, and baffles may be introduced that 
would otherwise be too great a hindrance. Its economy in 
other eases appears to demand the fullest practicable redtrc- 
tion of the calories in the exhaust gases by feed-water 
heaters, which in large stations may well be in two stages, 
and perhaps by air heaters for furnace supply.” 

The object of burning fuel under steam boilers is to pro¬ 
duce “ steam.” The boiler itself, therefore, should be 
restricted as far as possible to this purpose, and it should not 
be used for purifying the water, or for preheating the water 
up to boiling temperature—both of which operations can be 
more efficiently carried out in other and specially designed 
forms of apparatus. 

Fig. 50 shows, in the form of a diagram, the heat units 
absorbed in raising 1 lb. of solid steel and 1 lb. of water 
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respectively from the absolute zero of temperatm'e (—273° C. 
or —460° F.) up to 940° F. At 212° F. a great absorption of 
heat occurs in the case of water, without any corresponding 
rise in temperature ; and it is the great absorption of heat at 
this point which renders steam-raising different from many 
other processes of heat transfer. The vertical scale of the 
diagram represents the temperature in degrees Fahrenheit, 
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Fig. 50.—Heat Absorption during Conversion of Ice into Steam. 

while the horizontal scale represents the heat absorbed in 
British thermal units. 

In the case of steel the heat absorption is indicated by a 
straight and^ continuous line (AK), and less than 200 heat 
units are required to raise the temperature from the absolute 
zero up to 940"^ F. The heat absorption curve for water, on 
the other hand, shows that nearly ^ many heat units are 
required to raise it from the melting point of ice up to its 
boiling point (indicated by the line CD), and that at this 
temperature there is the disappearance of 966 heat units 
(indicated by the horizontal line DE) before any further 
increase in temperature occurs. These heat units in fact 
rej)resent the energy required to convert the 1 lb. of water 
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at 212° F. into 1 lb. of steam at 212° F., and are called the 
“ latent heat ” of steam. 

From this point onward the temperature of the steam 
increases faster than that of the water for a given number of 
heat units, since 250 B.Th.U. suffice to raise 1 lb. of steam 
from 212° F. to 940° F. (see line EF in diagram). The dotted 
lines BG and DH show the direction the heat absorption 
lines would have taken had there been no internal molecular 
work required when the ice changed into water, and the 
water into steam, at the points B and .D respectively in the 
temperature curve of the diagram. 

The lesson of this diagram is that 1,300 B.Th.U. are 
required to change 1 lb. of ice at 32° F. into steam at 600° F., 
or more than six times that required to raise 1 lb. of solid 
steel to the same temperature, and that had there been no 
change of state'in the case of ice and water, this amount of 
heat would have produced a final temperature of over 
2,600° F. 

Conversely, the heat absorption of the water at this tem¬ 
perature, 212° F., is exceptionally great, and the rate of the 
transfer of heat through the boiler plates is at its maximum. 

In order to obtain the highest efficiency from steam boilers, 
therefore—that is, the greatest rate of heat transfer—the 
boilers should be fed with water at or near the boiling point, 
and the preliminary heating of this water should take place 
in accessory apparatus, such as feed-water heaters and 
economisers, using low temperature and other forms 
of waste heat which are inapplicable for steam-raising 
purposes. 

Working under these conditions, with clean boiler plates, 
there is a wide margin for obtaining much higher evaporative 
results from steam boilei’s than are at present customary, 
mthout any loss of efficiency, since the danger of over¬ 
heating the plates or tubes under these conditions of work is 
almost negligible. 

The following extract from Bulletin 18 of the Bureau of 
Mines The Transmission of Heat into Steam Boilers,” by 
Henry Kreisinger and W. T. Ray) proves that this opinion 
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is supported by the most advanced scientific workers on this 
subject in the United States :— 

'' The results of the investigations described in this report 
indicate that the conductivity of the heating plates of steam 
boilers is so high that the present steaming capacities can be 
tripled or quadrupled by forcing over the heating surfaces 
three or four times the weight of* gases now passed over 
them. With well-designed mechanical-draught apparatus this 
greater weight of gases can be forced through the boilers at a 
small operating cost. It is possible to increase the capacity 
of many of the present boilers in this way without reducing 
their efficiency much ; in fact, by a proper arrangement of 
the heating surfaces, the efficiency can be made higher than 
the present rating. The efficiency of any boiler can be 
increased by arranging its heating surfaces in series with 
respect to the path of hot gases. New boilers of high effi¬ 
ciency can be constructed by making the cross-section of the 
gas passages small in comparison with the length.” 

Finally, the steam produced by the boiler should be super¬ 
heated, in order to minimise the heat losses due to radiation 
during its passage through the steam pipes to the point where 
it is used, and also to insure that dry steam arrives in the 
engine cylinder or turbine drum, rather than a kind of 
Scotch mist, which too often has to do duty for steam in 
small power plants. 

Limits of space will not permit the various types of feed- 
water heaters and economisers or superheaters to be dis¬ 
cussed ; but no up-to-date steam-raising plant can afford to 
be without these essential accessories to economical steam 
production. 

To summarise, however, what has been said—the produc¬ 
tion of steam from water should be carried out in several 
stages, beginning with the raising of the temperature of the 
purified feed water to 100° F. by aid of exhaust steam. This 
warm water is then passed through one or more series of 
economiser tubes worked on the counter-current principle, 
and heated by the waste gases from the boiler. If still below 
the boiler temperature, the last degrees of heat are added, 
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either by the use of live steam or by passing the feed water 
through the control apparatus which protects the super¬ 
heaters from the direct heat of the furnace. The water then 
enters the boiler at the critical temperature and is at once 
ready for the absorption of the latent heat which converts 
it into steam. 





CHAPTER XII 


THE OONTEOL OF THE OOMBXJSTION PROCESS AND THE USE 
OF AUTOMATIC GAS-TESTING APPARATUS 

The waste gases passing away from boiler plants carry 
with them a large proportion (from one-third to one-fourth) 
of the heat of the original fuel, and if high efficiencies are to 
be attained for the whole power plant, it is imperative that 
the heat losses with these gases should be reduced to a 
minimum. 

This reduction can be attained in three directions : 
(1) By cutting down the volume of the waste gases—that 
is, by working with a minimum excess of air. (2) By 
reducing the temperature of the gases by a skilful use of 
economisers and other forms of low-temperature heat- 
abstraction apparatus. (3) By substituting artificial for 
natural draught, and thus obviating the necessity of passing 
hot gases into the chimney shaft. 

As regards the total amount of the heat losses through 
the exhaust steam and waste gases in a modern power plant, 
Pig. 51 is a diagram showing the whole of these losses. The 
large proportion of the heat which passes away in the waste 
gases and in the exhaust steam is at once apparent. In the 
case illustrated in Pig. 51, only 14*4 per cent, of the original 
heat value of the fuel is represented in the effective horse¬ 
power of the engines, over 80 per cent, of the heat energy 
of the fuel having been lost with the waste gases from the 
boilers and with the exhaust steam. As already stated the 
heat of the exhaust steam can be most satisfactorily 
recovered by using it for the preliminary heating of the 
feed water for the boilers, and with well-planned and well- 
managed apparatus over 90 per cent, of this heat can be 
reclaimed. 
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The problem of the recovery of the heat of the waste gases 
is not so simple, since it is not possible, owing to the impuri¬ 
ties which they carry, to abstract their heat by direct contact 
with the water intended for the feed. The usual plan is to 
abstract the heat by the aid of economisers—that is, a series 
of pipes placed in a special chamber at the rear of the boilers, 
through which the gases pass on their way to the chimney. 
As usually operated, the economiser system is capable of 
much improvement. Not only is the counter-clirrent 
system of operating the flow of water and hot gases usually 
ignored, but the economiser tubes are not kept sufficiently 


Chimney 

Gases 



clean, either outside or inside, to yield their highest efficiency. 
The number of tubes also is never sufficiently great to 
abstract all the heat of the gases, for the temperature at 
which the gases are allowed to escape to the chimney is 
usually between 550 and 650° F., whereas with better 
equipment and management this might be reduced to 
250° F. Below this point the moisture contained in the 
gases would condense on the economiser pipes and would 
cause trouble owing to its acid constituents. But in time 
it is possible that even this difficulty will be surmounted, 
and that the whole of the heat contained in the exit gases 
from the boilers may be utilised. 

Table I. shows how rapidly the heat losses in the waste 
gases increase with their dilution, for while at 12 per cent. 
CO 2 , and 600° F. the loss is 17-1 per cent., at 8 per cent. COg, 
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the same temperature, the loss is 25 per cent.; and at 
^ per cent. COo, 39*3 per cent, of the total fuel used is 
l08t. 


Table I.—Percentages of Fuel wasted by Heat carried away 
by Exit Oases at various Temperatures and Percentages 

OF CO2. 


Percentages of OO 2 . 


Temperature. 

4 per 
cent. 

6 per 
cent. 

! 

8 per 
cent. 

j 10 per 

1 cent. 

12 per ' 
cent. 1 

14 per 
cent. 

400° F. . 

32*4 

21*8 

164 

13*4 

11-4 

9-8 

noo° F. . 

40*5 

27-3 

20*8 

16-8 

14-2 

12*3 

000° F. . . . 

48-6 

32-8 

24-9 

20*2 

1 

17-1 

14-8 


Adapted from Table III. in Appendix, “Smoke Prevention and Fuel 
I£!cononiy,’’ by Booth and Kershaw. 


Turning now to the consideration of the customary 
methods of controlling the heat losses of the waste gases, 
temperature and chemical tests ought to be carried out 
regularly by the engineer or chemist in charge of the steam¬ 
raising plant. The temperature of the waste gases ought 
to be noted and recorded at frequent intervals—(1) at the 
O-xit from each boiler into the main flue, (2) at the inlet and 
exit of the economisers, and (3) at the base of the chimney. 
IPcrmanent and fixed thermometers may be placed at these 
points, or holes may be provided with 30-inch lengths of 
11-inch wrought-iron pipe, the flanged top of which is kept 
closed with a tight-fitting wooden plug when it is not being 
used for making a test. Mercury thermometers filled with 
nitrogen are reliable for temperatures up to 1,000° F., but 
they must be mounted in a suitable carrier and must be left 
in the path of the flue gases long enough to attain the gas 
temj^erature—^that is, ten or fifteen minutes, according to the 
thickness of the metal case surrounding the thermometer bulb. 

The only point where the temperature of the gases may 
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exceed the limit named above, as measurable by a mercury 
thermometer, is at the exit from each boiler into the main 
flue. But if the temperature here registers over 900° F., it 
means that the boiler is dirty and badly scaled, and the 
sooner it is ];)ut out of use the better for the efficiency of the 
plant. The following are the temperatures which should be 
maintained in a well-managed plant : Temperature at exit 
from boilers into main flue, 650° F. ; temperature at exit 
from economisers, 350° F. ; temperature at base of chimney, 
300° F. 

As already stated, with forced or induced draught the 
temperature of the gases that issue from the economisers 
may be reduced to the point at which condensation of the 
moisture commences to occur. 

Concerning the chemical tests which are necessary to 
determine the air excess and air-leakage of the boilers, it is 
obvious that only when these are made I'egularly, and the 
records are studied by some competent person, can exact 
knowledge be obtained of the efficiency or otherwise of the 
firemen and furnaces. The waste gases contain carbon 
dioxide, moisture, nitrogen and unconsumed oxygen as 
regular constituents ; and the percentages of carbon dioxide 
and oxygen respectively are the figures which enable one to 
say with what excess of air the combustion process is being 
maintained. If it were possible to obtain good combustion 
of bituminous coal with the theoretical amount of air, the 
exit gases would contain 19'| to 19 per cent, of CO 2 and no 
free oxygen, and 12 lbs. of dry air would be required to burn 
1 lb. of coal. Since it is impossible to obtain good combus¬ 
tion of solid fuel with only the theoretical amount of air 
passing through the furnace, an excess of air is necessary, 
but the amount of this excess should not exceed 50 to 75 per 
cent, (corresponding to 12*6 and 10*9 per cent, of CO 2 
respectively). 

Tests showing percentages of COg below the latter figure 
indicate that much more air is being passed through the 
furnaces than is required, and since all this air has to be 
raised to the combustion temperature (say 2,500° F.), and 
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cUirricH off some ])oi*tioii of licat to the chimney, it is evident 
that the- smaller tlie excess tlic better. 


A CO^ test sliowing 10 to 13 per cent, is therefore the 
best for obtaining high eflfiGiency from the boilers. Above 
13 per (iont. of (JOg there is grave danger of allowing carbon 
monoxide and hydrocarbon gases to escape unconsumed with 


the exit gases, and it is unwise 
to attempt to reduce the 
excess of air below the 50 per 
cent, margin represented by 
12-9 per cent, C() 2 . Where 
attempts arc being made, how¬ 
ever, to reach a still higher 
efficiency, it is necessary to 
test the exit gases regularly 
for carbon monoxide and for 
methane, as well as for carbon 
dioxide and oxygen, and this 
demands a more complicated 
form of gas-testing apparatus. 

A small form of the well- 
known Orsat gas - testing 
apparatxis, which can be carried 
about the boiler plant, is shown 
in I^^ig. 52, and with the aid 
of this apparatus tests of the 
oarl)OTi dioxide and oxygen 
contents of the waste gases 
can be very quickly obtained. 

The methods of use will be 
found described very fully in 
the handbook referred to 
below. ^ 



Fio. 52 .- Portable form of Gas¬ 
testing Apparatus. 


With the aid of the figures for the percentage of CO 2 and 
oxygen in the waste gases obtained by this apparatus, the 
presence or absence of carbon monoxide and other combus- 


^ " Fuel Water and Gas Analysis for Steam Users/’ Constable & Co. 2nd 
Bovrised and Enlarged Edition, 1920. 
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tible gases can be ascertained by the following method of 
calculation. 

Air contains 79 per cent, nitrogen and 20*8 per cent, 
oxygen, by volume. When burning a bituminous fuel of 
average quality, yielding 35 'per cent, volatile matter on 
heating, about 1*8 per cent, of the oxygen of the air will be 
required to complete the combustion of the hydrogen 
contained in the coal, and therefore the air that remains 
will contain only 19 per cent, of free oxygen. 

The tests for carbon dioxide and for oxygen when added 
together ought therefore to total 19 per cent. ; and if there 
is a continued deficiency in the tests when dealt with in this 
manner, it indicates that carbon monoxide or hydrocarbon 
gases are also present in the exit gases. When burning coke 
or anthracite fuels which contain only a small percentage of 
hydrogen and volatile hydrocarbons, this disappearance of 
oxygen does not occur. The CO 2 and oxygen tests of the 
waste gases, in such cases, when added together should equal 
the original oxygen content of the air, namely, 20* 8 per 
cent. 

In those power-plants where a large number of boilers 
are installed it will be found advisable to have one or two 
automatic COg recorders in use, for it is useful to be able to 
obtain a continuous record of the CO 2 contents of the gases 
from any particular boiler that appears to be working badly, 
in addition to the tests of snap-samples of the gas obtained 
with the small Orsat apparatus. 

Automatic Recoeders. 

It is now about fifteen years since automatic CO 2 recorders 
first made their appearance. For a time they enjoyed great 
popularity, and they were to be found in all boiler-houses 
where the engineers prided themselves upon being alive and 
up-to-date. The difficulties met with in keeping the 
in good working order, however, were considerable, 
and as they failed to satisfy the demands made upon them, 
they were discarded by many engineers who at first were 
most loud in their praise. Their failure was due not so much 
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to defoctB in the apparatus, though no doubt some of them 
were unnecessarily complicated, as to defects in their instal¬ 
lation and in their methods of use. In the first place, the 
pipe connections between the automatic gas-testing apparatus 
and the boiler flues were made too long and had too many 
joints, with the result that air-leakage occurred, and in some 
cases the i)ipes corroded up. Another common cause of 
failure^was the blocking of the filter used to remove the soot 
and moisture from the gases before they were tested; but 
the most general cause was the placing of the apparatus in ^ 
charge of an engineer or stoker who had had no previous 
training or experience in the care of delicate mechanism or 
glass apparatus. 

To deal with these causes of trouble in order—the con¬ 
necting pipe from the recorder to the individual boiler flues 
should never exceed 30 feet in length, and should be con¬ 
structed, not of iron or lead, but of 6-feet lengths of glass¬ 
tubing, I inch in external diameter, joined together with 
couplings of the-best red rubber, wired on. The joints will 
require attention, but if good rubber be used they will last 
six months or more, and they should be renewed at once when 
the rubber begins to crack. At each branch to a boiler or 
to the main flue a glass stopcock and T-piece must be inserted 
in the line, with the longer leg pointing vertically downwards. 
The tube that actually passes into the flue is attached to this 
leg, and must be of f inch external diameter hard potash 
glass, in order to withstand temperatures up to 800° C. 
without softening or melting. These dependent tubes, 
where they pass through the brickwork of the boiler setting, 
should be protected by flanged iron-guard tubes f inch or 
1 inch diameter, and should be fixed firmly in these with the 
aid of cork bungs. The glass stopcocks must be regularly 
cleaned and greased, and once a week the tightness of the 
whole system of connecting-tubes must be tested by closing 
all the stopcocks and working the water jet air-pump until 
a vacuum of 8 inches, as registered by a gauge connected to 
the line near the pump, is attained. Should this be impossible 
tlie leakage that destroys the vacuum must be sought for 
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and stopped. At frecpient intervals the dependent tubes 
that pass into the flues, and tlie main length of connecting 
tube, must be freed from internal soot and dust by the aid 
of low-pressure steam, or by flushing with ^oarm imter, the 
hard glass tubes being withdrawn from the flues and cooled 
before this treatment is carried out. 

It is advisable to have a recorder installed for every six 
boilers, and to be able to connect this as desired to the flue 
from either the right or left-hand boiler fire (in the case of 
Lancashire boilers), and to the main flue behind each boiler. 
This gives a maximum of eighteen connections on any one 
line. The cabin or cupboard in which the apparatus is 
installed should be placed centrally, so that three of the 
boilers are on one side of it and three on the other. The 
tubes should be laid with a fall away from the central con¬ 
nection to the recorder, in order that the moisture which 
condenses in the line may be removed by opening the end 
stopcock of each branch. 

The soot-filter may be constructed of sheet lead (although 
a glass one constructed on the laboratory desiccator prin¬ 
ciple would be better), and should be placed close to the 
recorder, so that there is only one on each connecting line, 
and this can then be kept under constant observation. It 
must be of the circular flat -shallow type, which gives a 
large filtration area with a small cubical capacity, so that 
there is less “lag ” in the test records. The joint between 
the two halves of the filter is made with a rubber gasket ring, 
and two external rings of hard lead or iron provided with 
bolts and thumbscrews. Glass-wool or asbestos-felt sup¬ 
ported on wire gauze is used as the filtering medium ; this 
must be removed and renewed daily or oftener, according to 
the amount of soot contained in the waste gases. The 
advantage of placing the filter close to the recorder is that 
only the gas actually tested is passed through it, whereas 
if it be placed upon the main connecting line all the gas 
withdrawn by the pump from the flues will pass through it, 
and it will require cleaning much more frequently. 

When an ejector type of water pump is used to abstract 
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tlie gius from fhe flues it is advisable to provide a separate 
wafer-supply tank fitted with a filtering attachment to 
retain fine particles of grit and other matter which might 
sto]) up the jet of the air-pump and cause it to stop working. 
A st eady pr-essure or head of water is also required, in order 
to obtain satisfactory operation with this type of pump 
'I'his is most easily arranged for by installing a separate 
sujrply cistern with a floating ball-tap and lead run-off 

Auf,omatic recording apparatus falls into two broad 
classes, according as the percentage of carbon dioxide gas 
is mc^asurod by direct absorption in caustic potash, or some 
pliysical characteristic of the gas that is a criterion of the 
CO;! contents is observed and measured. 

Ill is not the author s purpose to describe the various types 
of (vOa recorders in this chapter—and readers desirous of 
obtaining more information on this subject must refer to 
the larger handbook (see p. 159). 

Eiiough has been said, however, to indicate the great 
importance of regular and systematic chemical examination 
of t he waste gases in boiler plants, and to urge that the care 
of any automatic testing instruments installed should be 
pla(!('.(i in the hands of specially trained men, and not left 
to tlui charge of ordinary stokers or shift-engineers, who 
may happen to have a few spare minutes available, or may 
volunteer for the job. Many past failures with such instru- 
nuvnts in the boiler-house are undoubtedly attributable to 
the neglect of this latter precaution ; and some engineers 
have made the same mistake with these machines that 
they made at first with mechanical stokers, and have 
imagined that as fhey were automatic in action they did 
not require sldUed attention. The lesson of experience, 
however, is that automatic apparatus of all kinds demands 
a well-trained and intelligent man to look after it and to 
keep it in order ; and that the most certain way of asking 
for trouble in the boiler-house is to place insufficiently 
trained men in charge of mechanical stokers and carbon 
dioxide recording apparatus. When this lesson has been 
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thoroughly learned by chief engineers the automatic types 
of recorder will once more come into favour, for with intelli¬ 
gent and skilled attention they can be of the greatest service 
in maintaining the conditions requisite for high efficiency 
in the combustion of low grade fuels under steam boilers. 
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steam-raising value of, 79, 80, 
88, 89, 90 

underfeed-stokers for, 86 

Dumps, growth of, at collieries, 
76 

Flameless combustion, 171 
Fuel conservation, 2, 9 
Fuel sampling : 

bulk, rules for sampling coal 
in, 141 

cargoes, rules for sampling, 142 
conditions of fair sampling, 
140, 145 

cost of sampling, 140 
crushing fuel samples, 142, 143 
hand-crushing of samples, 143 
Konrick mill for grinding, 145, 

146 

large deliveries, rules for sam¬ 
pling, 141 

lignite, preparing samples of, 

147 

liquid fuels, methods of sam¬ 
pling, 147, 148 
marking fuel samples, 145 
mechanical crushers for 
samples, 143, 144 
mixing and grinding the final 
sample, 146 

peat, preparing samples of, 147 
pitch, methods of sampling, 

148 

reducing samples to smaller 
bulk, 142, 143, 145 


) Fuel sampling— continued. 

I relative size of sample and b ulk 
delivery, 143 

* skill needed for, 139, 140, 145, 

I 150 

j tar, methods of sampling, 148 

I waggons, rules for sampling, 

142 

wet samples, methods of trcat- 

j ing, 145 

! wood, preparing samples of, 

I 147 

I Furnaces and boilers, choice and 
management of : 
air leakage, prevention of, 175, 
179 

air pump, use of, for mixing 
gases, 177 

air regulating devices, 170, 

. 173, 174, 175 
baffles for, 177 
balanced draught, 174 
Bettington boiler for dust-fuel, 
77, 129, 170 

Boncourt system of heating by 
gas, 171 

chimney draught, cost of, 178 
circulation devices, 169, 172, 
177 

closed ash pits, 175 
combustion chambers, purpose 
and size of, 174, 176,- 177 
conditions required for good 
combustion, 173, 177 
depth of fuel bed, 176 
design and settling^)! boilers, 
171 

draught-gauge, value of, 179 
draught-measurement, 179 
economisers, necessity of, 183 
fan-draught, 178, 179, 180, 183 
feed-water heaters, necessity 
of, 183 

flue-dxist, mechanical removal 
of, 172 

forced-draught, 178, 179 
fuel-consumptioxi per square 
foot of grate area, 176, 180 
gas-firing for boilers, 171 
hand-fired furnaces, 174, 175, 
176 

heat-absorption by water in 
boiler, 181, 182, 184 
heat-insulation, 172, 173, 176 
heat-losses by waste gases, 
173 
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Furnaces, &c. -continued. 

heat lirans£er in boilers, condi- 
. tions of, 182, 183 

ellicicMicies, conditions re¬ 
quired for, 169, 173, 174, 
175, 177, 182, 183, 184 
uuluced-drauglit, 178, 179 
.ljaii(‘,a,sliiro boilers, advantage 
and disadvantages of, 169, 
170, 171, 176 

latent beat of water and steam, 
182 

tneeliauical stokers, 170, 176, 
177,183 

natural cliiinney draught, de- 
fectiB of, 178 ' 

preheated air supply, 169, 170, 
175, 176 

radiation losses from boilers, 
173 

requirements of a good boiler, 
160, 174, 175, 180 
HCKiondary air for combustion, 
regulation, of, 170, 173, 174 
slag-wool for insulation, 173 
smoko prevention, 170, 173 
steaming capacities of boilers, 
increase of, 183 
steam jots for mixing gases, 177 
Rup(‘.rlleating, advantages of, 
183 

waste gases, lioat losses by, 173 
water-tube boilers, advantages 
and disadvantages of, 169, 
170, 171, 177, 

(lAiiBAUE. Towns’ refuse, 
(las producers for low-grade 
fuelB: 

down-draught producers, 56 
eccentric grates for, 6 
Erlxardt and Schrner typ6 of, 91 
gcmeral characteristics of, 5, 
91, 93 

liigh-prossure types of, 6 
Kerpely type of, 6, 73, 93 
PintBoh typ(^ of, 6 
Rehmann type of, 6 
Tees typo of, 6, 74 
tip-draught producers, 56 
Gases, use of waste gases for 
steam generation, 124 

Labobatobt tests of fuel : 

\ approximate analysis of, 148, 
150, 155 


Laboratory tests, &,g.— cont inued. 
ash in, 148, 149, 150 
ash, determination of, 157 
back-pressure valve for bomb- 
calorimeter, 161 
bell type of calorimeter, 157, 

159, 160, 162 

bomb type of calorimeter, 157, 

160, 161, 162 

Boys’ gas calorimeter, 167, 
168 

briquette mould for calori¬ 
metric work, 157, 158 
British thermal unit, definition 
of, 156 

calorimeter, tests with, 149, 

156 

calorie, definition of, 156 
cellulose blocks, for use with 
liquid fuels, 163, 164 
coke, determination of, 150, 
152, 153, 154, 155 
composition of fuel, 148 
conversion data for B.Th.U., 
165 

Darling’s form of calorimeter, 
159, 160 

elementary analysis of fuels, 
148 

fixed carbon, determination of, 
152, 153, 154 

gaseous fuels, calorimeter for, 
164 

graphite, origin of in coke tests 
of fuel, 153, 154 
Junker’s calorimeter for gases, 
165, 166 

liquid fuels, calorific value of, 
163 

Mahler-Donkin bomb - calori¬ 
meter, 160, 161, 162 
moisture in fuels, 148 
moisture, determination of, 
149, 150 

oxygen for calorimetric work, 

157 

platinum crucible for fuel 
tests, 152 

platinum dish, protection of, in 
calorimetric work, 161 
thermometers for calorimetric 
work, 156 

volatile matter in fuels, 150 
volatile matter, determination 
of, 152, 153, 154, 155 
Lancashire boilers, 169, 170 
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Lignite (brown coal): 
air-dried lignite, 

difficulties in burning, 41, 42 
efficiency of, for steam- 
raising, 41, 42 
furnaces and grates for, 39, 
40, 41, 42, 43 
area of deposits of, 37 
briquetting, 

cost of, at Horren, 46 
deyelopments of industry at 
Horren, 44 

developments in IJ.S.A., 47 
methods and machinery for, 
44 

tests of briquettes, 47, 50 
chemical and physical proper¬ 
ties of, 37, 41, 48 
distillation, 

ammonia, yields of, 47, 49 
coke from, 49 

composition of gas, 47,' 50, 
52 

oil, yield of, 48, 49 
retorts for, 49 
gasification, 

non-recovery of by-products, 
51 

small plants for, 52 
tests made at Grand Forks, 
50 

yields of gas by, 52 
Low-grade fuels: 
bagasse, 52 

coke and coke-breeze, 6, 58 
culm and pit refuse, 6, 76 
definition of, 4, 89, 92 
garbage, 95 

gasification of, 5, 89, 92 
lignite, 6, 37 

methods of burning, 4, 89, .92 
peat, 6, 11 
pitch, 112 
’ towns’ refuse, 95 
waste gases, 124 
wood refuse, 54 

Peat : 

briquettes, 

boiler furnaces and grates 
for, 18, 21 

cost of steam-raising with, 
19 

dredgers for peat bogs, 16 
dredgers, power required by, 
29 


I continued. 

b ri quettes— continued. 

machine - made briquettes, 
14, 15, 16 

power generation from, 15 
pulping machines, 17 
Wiesmoor bog and power 
station, 15, 16 
carbonising, 

dry carbonising by Jobsen 
process, 22 

dry carbonising by Ziegler 
process, 22, 23 
general principles of, 21 
wet carbonising, 22, 24 
wet carbonising by Eken- 
berg process, 24 
wet carbonising by G'alaino' 
process, 25 

future developments, lines ol‘, 
35, 36 
gasifying, 

ammonia, recovery by, 32, 
33, 34 

composition of gas, 27, 30, 
33 

I cost of power by, 28, 31, 33 
double combustion zoiu^ 
producers, 26 
plant at Skabersjo, 28 
plant at Visby, 29 
tar, difficulties caused by, 
31 

tests of peat in gas pro¬ 
ducers, 26, 27 

natural deposits and (ihara(‘- 
teristics, 
analyses, 13 

area and extent of peat bogs, 
11 

calorific value of, 14, 18 
chemical changes during for¬ 
mation, 13 

composition and constitu¬ 
tion, 12 
hydrogen, 21 
origin of moisture, 13 
volatile matter, 13 

powdered peat, 
cost of preparing, 34 
efficiency of, 35 
Pitch : 

calorific value of, 113, 114, 
115 

chemical and physical pro¬ 
perties of, 113, 114, U5 
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Pit ell —eontin ued. 

combustion, difficulties of, 115, 
120 

conditions required for com¬ 
bustion of, 116 ^ 

creosote, use of mixtures of 
pitch and, 118, 121, 122 
exports of, before the War, 113 
fall in x)xice of, 112 
future progress in utilisation 
of, 122 

Nicol’s type of fire-bar for 
burning, 116, 117 
production of, in tar-dis¬ 
tillation plants, 112, 114,120 
transport of, 120 
use of, as a liquid fuel, 118, 
120, 121 

use of, for internal combustion 
engines, 121 

use of, under steam boilers, 
117, 118 

Eeserves of coal, 3 

Sampling- fuel. See' Puel 

sampling. 

Saw-mill refuse. See Wood 

refuse. 

Shale and slate in coal, 81, 144, 
145 

Towns’ refuse: 

ash and slag from combustion 
of, 99 

average evaporative efficiency 
of, 99 

calorific value of, 96, 98, 99, 
107 • 

capacity of various types of 
destructor, 104 

clinker, from improved 
methods of disposal, 102, 
105, 106 

collection and storage of, 103, 

109 

combined electricity and de¬ 
structor plants, 107 
composition of London refuse, 
99 

dust settling chamber for de¬ 
structor plants, 102, 109 
early form of destructor, 95 
efficiency of various types of 
destructor for, 97, 98, 105, 

110 


Town s’ refuse- --contin 11 ed. 

fans, use of, for burning, 100,. 

104, 106 

forced draught for burning, 95, 
100, 106 

German types of destructor,. 
97, 98, 103, 104 

grate areas of various types of 
destructor, 104, 109 
Heenan and Froude destructor, 

97, 103, 109 

hollow walls for destructor* 
cells, 97, 104 

Horsfall destructor, 97, 103 
improvements in destructor- 
design and control, 99, 100, 

102, 103, 104, 105, 107 
Manlove and Alliott destructor,. 

103, 109 

Meldrum destructor, 103 
preheated air supply for burn¬ 
ing, 95, 97, 100, 103, 105 
revenue from destructor plants, 
109, 110, 111 

shaft type of destructor, 104,. 

105, 106 

steam-raising value of, 96, 97,. 

98, 107 

temperature attained in de¬ 
structors, 104, 106 
trough grates for clinker, 102 
variations in fuel value of, 96. 
08 

water-cooled hearth for de¬ 
structors, 104 

Waste gases: 

air supply to burners, 125, 133 
back-firing, dangers and pre¬ 
vention of, 125, 131, 134 
blast furnaces, 124, 127 
boiler efficiencies, 126, 127,, 
130, 135 

boilers for gas firing, 125, 129, 
135, 136, 137 

burners for, 124, 125, 131 
carbon-monoxide in, 124, 127, 
133 

cement-kiln gases, 127 
coke-oven gases, 124, 127, 129' 
composition of, 127, 133 
copper-refining furnace gases,, 
127 

cost of steam raising by, 133 
electric power form, 128 
excess air in burning, 133 
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‘Waste gases vontintied. 

[an draught, 120, 130 
gas engines, 130 
gasouictcr, use of, for storage, 
135 

lieat-transCer in boihu'S, 130, 
130, 137, 138 
hydrogen in, 124, 127, 133 
iinproviul methods of i)urning, 
132, 133 

metallnrgi(‘al ■[iirnae(‘, gases, 
124, 120, 130, 137, 138 
natural draught, 120, 130 
0 |>(m-heaT’tli furnaces, 127, 137 
potential heat of, 124 
sensible heat of, 124, 127 
steam-raising value of, 126, 
. 129, 132, 133, 135 
steel reheating furnace gases, 
124, 126, 127 


Wa.st<‘ gast‘s coidinucd. 

t<‘.nip(*ratur(‘, rcaliudhni of, 126, 
130, 130, 137, 138 
tluumml valium of, 120, 127, 
130 

waste heat boil(‘rs, 120, 130 
Wasted eoaJ, 2, 7, 9 
Waf.(‘r-trnb(‘ boilers, 1(59, 170 
W^kkI and wood r(4aiK(‘. : 

(‘alorihe and sOnim-raising 
vahu^ of, 54, 55 
l)uteh-ov(‘n (ypc' of furnace 
for, 54 

gasilicatiiou of, 55, 50 
M(9drums' funnuu' for,^ 55 
power obi^aiiHHl from diit(‘rent 
kinds of, 50, 57 
tar from, 50 

weight of 1 (‘ul>ie foot of. 
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